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AN ENDOGENOUS TAXOL -LIKE SUBSTANCE 
IN HUMAN SERUM, MONOCLONAL ANTIBODIES 
DIRECTED THERETO, AND METHODS OF ASSAYING THEREFOR 

5 This application is a continuation-in-part of U.S. Serial 
No. 08/025,557, filed March 3, 1993, the contents of 
which are hereby incorporated by reference. The 
invention described herein was made in the course of work 
under Grant No. 1 R55 CA- 55159 from the National 
10 Institutes of Health. The U.S. Government has certain 
rights in this invention. 



Background pf Invgntiqn 



15 Throughout this application, various publications are 
referenced by Arabic numerals in parentheses. Full text 
citations of these publications can be found at the end 
of the specification, immediately preceding the claims. 
The disclosures of these publications in their entirety 

20 are hereby incorporated by reference into this 
application in order to more fully describe the state of 
the art as known to those skilled therein as of the date 
of the invention described and claimed herein. 



25 Taxol, a compound extracted from the western yew, Taxus 
brevifolia, is a diterpenoid, which has a 20 carbon, 
skeleton, with a complex ester side chain at C-13 and an 
oxetane ring. Taxol was shown to have antitumor 

activity (l) . Its underlying mechanism is to promote and 

3 0 stabilize microtubule assembly and inhibit disassembly to 
tubulin (2) . The binding site of taxol in microtubules 
differs from that of other anti-tublin drugs, such as 
colchicine, podophyllotoxin and vinblastine, which 
inhibit tubulin polymerization (3, 4) . 

35 

In clinical trials, taxol was found to be affective in 
the treatment of ovarian (5, 6) and breast cancer (7) and 
melanoma (8) . As with all anti- cancer agents, there are 
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side effects, in this case neutropenia, hypersensitivity 
reactions mucositis, neurological and possible cardiac 
toxicity were reported during clinical trials (9). It 
would be useful, therefore, to be able to measure taxol 
5 levels in patient under treatment in order to optimize 
treatment. A sensitive assay for measuring taxol levels 
is by HPLC (9, 10) . In this application, we describe a 
polyclonal and two monoclonal antibodies that can be used 
to measure taxol levels in human serum with high 
10 sensitivity and is more amenable for the measurement of 
large numbers of samples. The monoclonal antibodies also 
have the potential to be used to screen for taxol or 
taxol -like substances in extracts of natural products. 

15 The three dimensional structure of taxol has an inverted 
cup-like shape. Gueritte- Voegelein et al. (16, 18) 
determined the three dimensional structure of taxotere, 
a semi -synthetic biologically active taxol analogue, by 
X-ray analysis; it also has an inverted cup shape and the 

20 same skeleton as taxol. The taxotere molecule is 
stabilized by intramolecular hydrogen bonds between C-3'H 
and the C-4 acetyl group and between C-2'H and C-18H 3 , as 
well as a repulsive interaction between the substituents 
at C-'2, C-3' and the taxane skeleton (16). 

25 

Structure-activity studies have revealed -that the C-13 
ester side chain (19 , 20) and a closed oxetane ring (10, 
21) are crucial to the activity of taxol derivatives. 
Opening of the oxetane ring results in considerable 
30 conformational change of the molecule (10, 21) . 
Modification of substituents at C-10 and/or C-17 can 
alter activity but not markedly (10, 19, 20). 

This application describes three antibodies specific for 
35 taxol: one rabbit antiserum and two monoclonal 

antibodies. With respect to the monoclonal antibodies, 
one is an IgG (69E4A8E) and the other an IgM (29B7B3C) . 
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All of them bind taxol and active derivatives well and 
can be used to measure taxol levels in human serum. 
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Summarv of the Invention 

The present invention provides a monoclonal antibody 
which is capable of binding to taxol and taxol -like 
5 substances and is produced by a hybridoma cell designated 
69E4A8E, having ATCC Accession No. HB 11281. 

The present invention also provides a second monoclonal 
antibody capable of binding to taxol or taxol -like 
10 substances produced by a hybridoma cell designated 
29B7B3C and having ATCC Accession No. HB 11280. 

The present invention also provides a method for 
detecting the presence of taxol or a taxol -like substance 

15 in a sample which comprises treating the sample with 
either of the above- identified monoclonal antibodies 
permitting the taxol or taxol -like substance in the 
sample to bind to the monoclonal antibody, removing 
antibodies which did not bind to taxol or the taxol -like 

20 substance, and detecting the presence of any bound 
antibodies, thereby detecting the presence of taxol or 
the taxol -like substance in the sample. 

The present invention also provides a method for 
25 detecting the presence of taxol or a taxol -like substance 
in a sample which comprises contacting a predetermined 
amount of taxol or taxol -like substance labeled with a 
detectable marker with either of the above- identified 
monoclonal antibodies under conditions permitting the 
30 monoclonal antibody to bind to the detectably labeled 
taxol or taxol -like substance, contacting the sample with 
the complex such that any taxol or taxol -like substance 
in the sample will displace the detectably labeled taxol 
or taxol -like substance bound to the monoclonal antibody, 
3 5 separating any bound, labeled or unlabeled taxol or 
taxol -like substance from unbound, labeled or unlabeled 
taxol or taxol -like substance, and detecting the presence 
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of any bound, detectably labeled taxoi or taxol-like 
substance, thereby detecting the presence of taxol or 
taxol-like substance in the sample. 

5 The present invention further provides a method for 
screening for a ligand in a subject which is not being 
treated with taxol which comprises obtaining a sample 
from a subject, contacting the sample with either of the 
above- identified monoclonal antibodies permitting the 

10 taxol or taxol-like substance in the sample to bind to 
the monoclonal antibody, removing antibodies which did 
not bind to taxol or the taxol-like substance, and 
detecting the presence of any bound antibodies in the 
sample, thereby detecting the presence of taxol or the 

15 taxol-like substance in the subject. 

The present invention also provides an endogenous taxol- 
like substance in human serum which can be detected by 
the above- identified method. 

20 

The present invention further provides a method of 
quantitatively determining the amount of taxol or taxol- 
like substance in a biological fluid sample which 
comprises contacting a solid support with an excess of a 

2 5 composition of matter comprising taxol and an appropriate 
carrier molecule, contacting a predetermined amount of a 
biological fluid sample and a predetermined amount of 
either of the above- identified monoclonal antibodies 
permitting the taxol or taxol-like substance in the 

30 sample to bind to the monoclonal antibody, contacting the 
solid support to which the composition of matter is 
attached with the solution permitting antibodies which do 
not form a complex with the taxol or taxol-like substance 
in the biological fluid sample to bind to the composition 

35 of matter, treating the solid support so. that only the 
composition of matter and monoclonal antibody bound 
thereto remain, and determining the amount of antibody 
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bound to the composition of matter, thereby determining 
the concentration of taxol or taxol-like substance in the 
biological fluid sample. 

5 The present invention further provides a method of 
quantitatively determining the amount of taxol or taxol- 
like substance in a sample which comprises contacting a 
predetermined amount of detectably labeled taxol or 
taxol-like substance with either of the above- identified 

10 monoclonal antibodies under conditions permitting the 
monoclonal antibody to bind to the detectably labeled 
taxol or taxol-like substance, contacting the sample with 
the complex under appropriate conditions such that any 
taxol or taxol-like substance in the sample will displace 

15 the detectably labeled taxol or taxol-like substance 
bound to the monoclonal antibody, separating any bound, 
labeled or unlabeled taxol or taxol-like substance from 
unbound, labeled or unlabeled taxol or taxol-like 
substance, and determining the amount of bound, 

2 0 detectably labeled taxol or taxol-like substance, thereby 
determining the amount of taxol or taxol-like substance 
in the sample. 

The present invention provides a kit for assaying for 

2 5 taxol or a taxol-like substance in a sample comprising in 

separate compartments either of the above- identified 
monoclonal antibodies, a second monoclonal antibody which 
is labeled with a detectable marker and is capable of 
binding to the antibody which is capable of binding to 

3 0 taxol or a taxol-like substance, and a standardized 

solution of taxol. 

The present invention provides a method for the detection 
of taxol or taxol-like substances present in biological 
35 fluids during treatment with taxol or taxol like 
substances using the above- identified kit. 
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The present invention also provides an anti- idiotypic 
monoclonal antibody of taxol or biologically active taxol 
derivative, 

5 The present invention further provides a hybridoma which 
produces the above defined anti- idiotypic monoclonal 
antibody. 

The present invention provides a hybridoma designated 
10 82H11B9F and having ATCC Accession No. HB 11548. 

The present invention provides a method of detecting 
taxol receptors in a sample which comprises contacting 
the sample with the above defined anti -idiotypic 
15 monoclonal antibody under conditions such that the 
antibody forms a complex with a receptor and detecting 
the presence of any complex so formed. 

The present invention also provides a qualitative 
2 0 immunoassay for detecting a taxol receptor which 
comprises contacting a sample suspected of containing the 
taxol receptor with the above defined anti- idiotypic 
monoclonal antibody so as to form a complex which 
includes the detectably labeled anti- idiotypic monoclonal 

2 5 antibody and the taxol receptor; and detecting the 

presence of the complex and thereby detecting the 
presence of the taxol receptor. 

The present invention provides a qualitative 

3 0 histochemical assay for detecting the presence of a taxol 

receptor in a biological sample which comprises 
incubating the biological sample with the above defined 
anti -idiotypic monoclonal antibody so as to form a 
complex which includes the taxol receptor and the anti- 
35 idiotypic monoclonal antibody; removing from the sample 
anti - idiotypic monoclonal antibody which is not part of 
the complex; contacting the resulting sample with a 
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detectably labeled antibody or detectably labeled 
antibody fragment capable of specifically binding the 
anti - idiotypic monoclonal antibody under conditions 
permitting the labeled antibody or antibody fragment to 
5 bind to the anti- idiotypic monoclonal antibody; and 
determining the presence of detectably labeled antibody 
fragment bound to the anti - idiotypic monoclonal antibody 
and, thereby, detecting the presence of taxol receptor in 
the sample. 

10 

The present invention further provides a quantitative 
histochemical assay for determining the amount of a taxol 
receptor is present in a biological sample which 
comprises treating the biological sample with a 

15 predetermined amount of the above defined anti- idiotypic 
monoclonal antibody to form a complex which includes the 
taxol receptor and the anti- idiotypic monoclonal 
antibody; removing from the sample anti- idiotypic 
monoclonal antibody which is not part of the complex; 

2 0 contacting the resulting sample with a detectably labeled 
antibody or a detectably labeled antibody fragment 
capable of specifically binding to the anti- idiotypic 
monoclonal antibody under conditions permitting the 
detectably labeled antibody or detectably labeled 

25 antibody fragment to bind to the anti -idiotypic 
monoclonal antibody which is part of the complex formed; 
and determining the amount of detectably labeled antibody 
or detectably labeled antibody fragment bound to the 
anti- idiotypic monoclonal antibody and thereby 

30 determining the amount of taxol receptor in the sample. 

The present invention also provides a method for 
determining the amount of taxol or biologically active 
taxol derivative in a sample which comprises immobilizing 
35 the above defined anti- idiotypic monoclonal antibody on 
an appropriate substrate; contacting the sample 
containing taxol or biologically active taxol derivative 
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with the immobilized anti - idiotypic monoclonal antibody 
under conditions permitting taxol or biologically active 
taxol derivatives in the sample to form a complex with 
the immobilized anti- idiotypic monoclonal antibody; 
5 contacting the complex formed with a predetermined amount 
of a labeled antibody or labeled antibody fragment which 
specifically binds to taxol or biologically active taxol 
derivative under conditions permitting the labeled 
antibody or labeled antibody fragment to displace taxol 

10 or biologically active taxol derivative bound to the 
immobilized anti- idiotypic monoclonal antibody; and 
determining the amount of labeled antibody or labeled 
antibody fragment bound to the immobilized monoclonal 
anti -idiotypic monoclonal antibody thereby determining 

15 the amount of taxol or biologically active taxol in the 
sample • 

Finally, the present invention provides method for 
determining the amount of taxol or biologically active 
20 taxol derivative in a sample which comprises immobilizing 
an antibody or antibody fragment which specifically binds 
to taxol or biologically active taxol derivatives on an 
appropriate substrate; contacting the sample containing 
taxol or biologically active taxol derivative with the 

2 5 immobilized antibody or antibody fragment under 

conditions permitting any taxol or biologically active 
taxol derivative in the sample to form a complex with the 
immobilized antibody or antibody fragment; contacting the 
complex formed with a predetermined amount of the above 
30 defined anti - idiotypic monoclonal antibody labeled with 
a detectable marker under conditions permitting the 
labeled anti -idiotypic monoclonal antibody to displace 
any taxol or biologically active taxol derivative bound 
to the immobilized antibody or antibody fragment; and 

3 5 determining the amount of labeled anti- idiotypic 

monoclonal antibody bound to the immobilized antibody or 
antibody fragment thereby determining the amount of taxol 
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or biologically active taxol derivative in the sample 
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Brief Description of Ficrures 

Figure 1. Inhibition of the binding of rabbit anti-taxol 
antiserum to [ 3 H]taxol by taxol derivatives and analogues. 
5 o, taxol; cephalomannine ; ■, taxotere; a, baccatin 

III; X, 20-acetoxy-4-deacetyl-5-epi-20, O-secotaxol. The 
results are means of duplicate points and are expressed 
as the percentage of inhibition relative to the specific 
[ 3 H] taxol binding measured in the absence of inhibitors in 
10 RIA. 

Figure 2. Inhibition of the binding of 29B7B3C to taxol - 
RSA- coated wells by taxol derivatives and analogues, o, 
taxol; m, cephalomannine; 7-epitaxol; ■, taxotere; A, 
15 2 ' - (triethylsilyl) taxol; a, baccatin III; X, 20-acetoxy- 
4-deacetyl-5-epi-20, O-secotaxol. The results are means 
of duplicate paints and are expressed as the percentage 
of inhibition relative to the absorbance at 490 nm 
measured in the absence of inhibitors in the ELISA. 

20 

Figure 3. Inhibition of the binding of 69E4A8E to taxol - 
RSA- coated wells by taxol derivatives and analogues, o, 
taxol; m, cephalomannine; □, 7-epitaxol; ■, taxotere; A, 
2 (triethylsilyl) taxol; X, 20-acetoxy-4-deacetyl-5-epi- 
25 20, O-secotaxol. The results are means of duplicate 
points and are expressed as the percentage of inhibition 
relative to the absorbance at 490 nm measured in the 
absence of inhibitors in the ELISA assay. 

30 Figure 4. Inhibition of binding of 82H11B9F to Fab' of 
affinity pruified rabbit anti-taxol by taxol or taxol 
derivatives: taxol; o, taxotere; ■, baccatin III. 

Figures 5A and 5B. Inhibition of binding of [ 3 H] taxol to 
35 microtubules. Figure 5A: Inhibition of binding of 
[ 3 H] taxol to microtubules by taxol or taxol analogues: •, 
taxol; o, taxotere; ■, baccatin III, Figure 5B: 
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Inhibition of binding of [ 3 H] taxol to microtubules by 
anti- idiotypic monoclonal antibodies 82H11B9F (-•-) and 
2 6F (-o-), an anti- thymidine antibody. 

5 Figure 6. Polymerization of microtubules by different 
dilutions of anti- idiotypic monoclonal antibody 82H11B9F: 
6.5 fiM {-•-) and 3.25 /xM {-o-). The turbidimetric assay 
of Parness et al . (19) was used except that the antibody 
or taxol, in 4 80 ul of PBS + 0.1% NaN 3 , was added to 
10 tubulin in 620 ul of MES buffer. The final pH was 6.75. 

Figures 7A-7C. Electron microscopic examination of the 
suspension produced in experiments described in Figure 6. 
A drop of the suspension produced by the action of 

15 82H11B9F on tubulin was put onto a grid and allowed to 
remain there for 15 seconds. Excess fluid was withdrawn 
using a filter paper wick, and one drop of 1% uranyl 
acetate was added to the grid. Excess uranylacetate was 
immediately drawn off with filter paper, the grid allowed 

2 0 to air dry for several hour at room temperature and 
examined with a electron microscope. Figure 7A: 
magnification of 10,000; Figure 7B: magnification of 
40,000; Figure 7C; magnification of 200,000. 

25 
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Detailed description of the invention 

The present invention provides two monoclonal antibodies 
capable of binding to taxol or taxol -like substances. In 
5 one embodiment the monoclonal antibody is produced by a 
hybridoma cell designated 69E4A8E and having ATCC 
Accession No. HB 112 81. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No. HB 
10 11280. 

In one embodiment of the invention the monoclonal 
antibodies are capable of binding to taxol -like 
substances which are biologically active taxol 

15 derivatives. Those derivatives of taxol which are 
presently known to be biologically active are well known 
to chose skilled in the art. At the time of this 
invention structure-activity studies have revealed that 
the C-13 ester side chain (19,20) and a closed oxetane 

20 ring (10,21) are crucial to the activity of taxol 
derivatives. In a preferred embodiment of this invention 
the monoclonal antibodies are capable of binding to 
biologically active taxol derivatives. It is anticipated 
that the monoclonal antibodies of the present invention 

2 5 will bind to any taxol -like substances presently known or 

later discovered, including later discovered biologically 
active taxol derivatives or taxol -like substances. 

The present invention also provides hybridomas which 
30 produce the monoclonal antibodies capable of binding to 
taxol or taxol -like substances and are designated 69E4A8E 
(ATCC Accession No. HB 11281) and 29B7B3C (ATCC Accession 
No. HB 11280) . 

3 5 In one embodiment of this invention the monoclonal 

antibodies produced by the above- identified hybridomas 
are labeled with a detectable marker. Detectable markers 
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useful for detecting monoclonal antibodies are well known 
to those skilled in the art and include, but are not 
limited to, radioactive isotopes, enzymes, dyes, 
fluorescent markers or biotin. 

In one preferred embodiment the monoclonal antibodies are 
labeled with a radioactive isotope. In a second 
preferred embodiment the monoclonal antibodies are 
labeled with an enzyme. 

The present invention also provides a method for 
detecting the presence of taxol or a taxol-like substance 
in a sample which comprises: 

15 a) treating the sample with a monoclonal antibody 
capable of binding to taxol or taxol-like substances 
under conditions permitting the antibody to bind to 
taxol or the taxol-like substance and form a complex 
therewith; 



10 



20 



b) removing antibodies which did not bind to taxol or 
the taxol-like substance; and 



detecting the presence of the antibodies, thereby 
detecting the presence of taxol or the taxol-like 
substance in the sample. 

In one embodiment the monoclonal antibody is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 
20 Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No. HB 
11280. 

35 The conditions permitting the binding of antibodies to 
taxol or taxol-like substances that may be present in a 
sample comprise incubation of a ' culture of monoclonal 



c) 

25 
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antibody and the sample. Incubation can be carried out 
at a temperature of from about 4°C to about 37°C for a 
period of from one half hour to 3 hours. In the 
preferred embodiment the incubation is carried at room 
temperature for 90 minutes. 

The separation of unbound from bound monoclonal 
antibodies can be carried out by any method known to 
those skilled in the art. Examples include addition of 
charcoal to remove unbound taxol or taxol-like substance 
or by precipitation of the antibody- taxol complex with an 
ant i -mouse globulin. 

The detection of bound antibodies can be accomplished by 
known methods including, but not limited to, 
precipitation of the complex comprising antibody bound to 
taxol or taxol-like substance or by contacting the 
complex with an antibody capable of binding to the 
monoclonal antibody which is capable of binding to the 
taxol or taxol-like substance. Precipitation can be 
facilitated by known methods which include, but are not 
limited to addition of a ammonium sulfate solution, such 
as a 50% ammonium sulfate solution, or by addition of 
polyethylene glycol . 

In one embodiment the detection step further comprises: 

i) contacting the sample with a second antibody labeled 
with a detectable marker, wherein the second 
antibody is capable of binding to the antibody which 
is capable of binding to taxol or a taxol-like 
substance; 

ii) removing any unbound antibody which is labeled with 
a detectable marker; 

iii) detecting the presence of the detectable marker on 
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an appropriate substrate, thereby detecting the 
presence of taxol or a taxol-like substance in the 
sample . 

5 The labeled second antibodies which are capable cf 
binding the monoclonal antibodies of the present 
invention can be produced by known methods. For example, 
the antibodies of the present invention are mouse IgG and 
IgM antibodies which can be detected by any anti -mouse 
10 IgG or IgM antibodies such as goat anti -mouse antibodies. 

Detectable markers useful for the above method are well 
known to those skilled in the art and include, but are 
not limited to, radioactive isotopes, enzymes, dyes, 
15 fluorescent markers or biotin. 

In one preferred embodiment the second monoclonal 
antibodies are labeled with a radioactive isotope. In 
another preferred embodiment the second monoclonal 
20 antibodies are labeled with an enzyme. 

The sample which is being examined for the presence of 
taxol can be derived from an animal or plant. In one 
preferred embodiment of this invention the sample is 
25 plant extracts. In second preferred embodiment the 
sample is cytosols from cells which can be derived from 
animals or plants. 

In a further embodiment the sample is a biological fluid 
30 taken from an animal. Biological fluids which are 
capable of being tested for the presence of absence of 
compounds in an animal are well known to those skilled in 
the art. Examples of such fluids include, but are not 
limited to, mucus, serum, saliva, urine, blood, feces and 
35 extracts of tissue. 

In one preferred embodiment of this invention . the 
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biological fluid is serum and in a second preferred 
embodiment of this invention the biological fluid is 
urine. 

5 In one embodiment of this invention when the sample is 
human serum the method further comprises a dilution step 
where the sample is diluted approximately 1:5 with a 
suitable diluent. Diluents suitable for this step will 
be readily apparent to those skilled in the art and 
10 include, but are not limited to such diluents as PBS- 
Tween 20 , at a concentration range of 0.1% to 0.5%, or 
tris- buffers. In the preferred embodiment, the diluent 
is 0.1% PBS-Tween 20. 

15 The present invention further provides a method of 
detecting the presence of taxol or taxol-like substance 
in a sample which comprises: 

a) contacting a predetermined amount of taxol or taxol - 
20 like substance labeled with a detectable marker with 

a monoclonal antibody capable of binding to taxol or 
taxol-like substances under conditions permitting 
the monoclonal antibody to bind to the detectably 
labeled taxol or taxol-like substance; 

25 

b) contacting the sample with the complex of step (a) 
such that any taxol or taxol-like substance in the 
sample will displace the detectably labeled taxol or 
taxol-like substance bound to the monoclonal 

3 0 ant j body; 

c) separating any bound, labeled or unlabeled taxol or 
taxol-like substance from unbound, labeled or 
unlabeled taxol or taxol-like substance; and 

35 

d) detecting the presence of any bound, detectably 
labeled taxol or taxol-like substance, thereby 
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detecting the presence of taxol or taxol-like 
substance in the sample. 

In one embodiment the monoclonal antibody capable of 
binding to taxol or taxol-like substances is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 
Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No. HB 
11280. Detectable markers useful for labeling taxol or 
taxol-like substances in the above method are well known 
to those skilled in the art and include, but are not 
limited to, radioactive isotopes, enzymes, dyes, 
fluorescent markers or biotin. 

In the preferred embodiment the taxol or taxol-like 
substance is labeled with a radioactive isotope. 

The conditions permitting the binding of antibodies to 
20 the detectably labeled taxol or taxol-like substances 
that may be present in a sample comprise incubation of a 
culture of monoclonal antibody and the sample. 
Incubation can be carried out at temperature range of 
from about 4°C to about 37°C for a period of from about 
25 one half hour to 3 hours. In the preferred embodiment 
the incubation is carried at room temperature for 2 
hours . 



10 



The bound labeled or unlabeled taxol or taxol-like 
30 substance can be separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by any method 
known to those with skill in the art. Examples of such 
methods include addition of a charcoal solution and 
centrif ugation, precipitation of the complex comprising 
35 monoclonal antibody and the labeled or unlabeled taxol or 
taxol-like substance bound thereto or by contacting the 
complex with an antibody capable of binding to the 
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monoclonal antibody which is capable of binding to the 
taxol or taxol-like substance. 

Precipitation can facilitated by known methods which 
5 include, but are not limited to addition of an ammonium 
sulfate solution, such as a 50% ammonium sulfate 
solution, or by addition of polyethylene glycol. 

The sample which is being examined for the presence of 
taxol can be derived from an animal or plant. In one 
preferred embodiment of this invention the sample is 
plant extracts. In second preferred embodiment the 
sample is cytosols from cells which can be derived from 
animals or plants. 

In a further embodiment the sample is a biological fluid 
taken from an animal . Biological fluids which are 
capable of being tested for the presence of absence of 
compounds in an animal are well known to those skilled in 
the art. Examples of such fluids include, but are not 
limited to, mucus, serum, saliva, urine, blood, feces and 
extracts of tissue. 

In one preferred embodiment of this invention the 
25 biological fluid is serum and in a second preferred 
embodiment of this invention the biological fluid is 
urine . 

In one embodiment of this invention when the sample is 
30 human serum the method further comprises a dilution step 
where th* sample is diluted approximately 1:5 with a 
suitable diluent. Diluents suitable for this step will 
be readily apparent to those skilled in the art and 
include, but are not limited to such diluents as PBS- 
35 Tween 20, at a concentration range of from about 0.1% to 
about 0.5%, or tris -buf f ers . In the preferred 

embodiment, the diluent is 0.1% PBS-Tween 20. 



10 



15 



20 



WO 94/20134 



5 



10 



15 



20 



25 



30 



PCT/US94/02330 



-20- 

The present invention also provides a method for 
screening for a ligand in a subject which is not being 
treated with taxol which comprises: 

a) obtaining a sample from a subject; 

b) contacting the sample with a monoclonal antibody- 
capable of binding to taxol or taxol -like substances 
under conditions permitting the antibody to any 
taxol -like substance in the sample and form a 
complex therewith; 

c) removing any antibodies which did not bind to the 
taxol -like substance; and 

d) detecting the presence of antibodies in the sample, 
thereby detecting the presence of the ligand in the 
subject . 

This method is useful for more closely studying the 
biological processes associated with the action of taxol 
or biologically active taxol derivatives and can be 
useful for identifying endogenous taxol-like substances. 

In one embodiment the monoclonal antibody capable of 
binding to taxol or taxol-like substances is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 
Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No, HB 
11280. The conditions permitting the binding of 
antibodies to taxol or taxol-like substances that may be 
present in a sample comprise incubation of a culture of 
monoclonal antibody and the sample. Incubation can be 
carried out at temperature range of from about 4°C to 
about 37 °C for a period of from about one: half hour to 3 
hours. In the preferred embodiment the incubation is 
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carried at room temperature for 2 hours. 

The separation of unbound frcir. bouni mrnoclonal 
antibodies can be carried out by any method known to 
5 those skilled in the art. Examples include addition of 
charcoal to remove unbound taxol or taxol -like substance 
or by precipitation of the antibody- taxol complex with an 
ant i -mouse globulin. 

10 The detection of bound antibodies can be accomplished by 
known methods including, but not limited to, 
precipitation of the complex comprising antibody bound to 
taxol or taxol -like substance or by contacting the 
complex with an antibody capable of binding to the 

15 monoclonal antibody which is capable of binding to the 
taxol or taxol- like substance. Precipitation can be 
facilitated by known methods which include, but are not 
limited to addition of an ammonium sulfate solution, such 
as a 50% ammonium sulfate solution, or by addition of 

20 polyethylene glycol. 

In one embodiment the detection step further comprises: 

i) contacting the sample with a second antibody labeled 
25 with a detectable marker, wherein the second 

antibody is capable of binding to the antibody which 
is capable of binding to taxol or a taxol- like 
substance; 

3 0 ii) removing any unbound antibody which is labeled with 
a detectable marker; 

iii) detecting the presence of the detectable marker on 
an appropriate substrate, thereby detecting the 
3 5 presence of taxol or a taxol -like substance in the 

sample . 
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The labeled second antibodies which are capable cf 
binding the monoclonal antibodies of the present 
invention can be produced by known methods. For example, 
the antibodies of the present invention are mouse IgG and 
5 IgM antibodies which can be detected by any ant i -mouse 
IgG or IgM antibodies such as goat anti-mouse antibodies. 

Detectable markers useful for the above method are well 
known to those skilled in the art and include, but are 
10 not limited to, radioactive isotopes, enzymes, dyes, 
fluorescent markers or biotin. 

In one preferred embodiment the second monoclonal 
antibodies are labeled with a radioactive isotope. In 
15 another preferred embodiment the second monoclonal 
antibodies are labeled with an enzyme. 

In a preferred embodiment the sample is a biological 
fluid taken from an animal. Biological fluids which are 
20 capable of being tested for the presence of absence of 
compounds in an animal are well known to those skilled in 
the art. Examples of such fluids include, but are not 
limited to, mucus, serum, saliva, urine, blood, feces and 
extracts of tissue. 

25 

In a preferred embodiment of this invention the animal is 
human and biological fluid is serum or urine. 

In another embodiment of this invention the sample is 
30 cytosols from cells derived from the subject or from cell 
culture . 

In one embodiment of this invention when the sample is 
human serum the method further comprises a dilution step 
3 5 where the sample is diluted approximately 1:5 with a 
suitable diluent. Diluents suitable for this step will 
be readily apparent to those skilled in the art and 
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include, but are not limited to such diluents as PBS- 
Tween 20, at a concentration range of from about 0.1% to 
about 0.5%, cr tris -buf f ers . In the preferred 

embodiment, the diluent is 0.1% PBS -Tween 20. 

5 

The present invention also provides a ligand recognized 
by the above- identified method. For the purposes of 
this invention, the "ligand" is an endogenous taxol-like 
substance which is capable of being bound by the 

10 monoclonal antibodies of the present invention. In one 
embodiment the ligand is an endogenous taxol-like 
substance which is bound by the monoclonal antibody 
produced by a hybridoma cell designated 69E4A8E and 
having ATCC Accession No. HB 112 81. In a second 

15 embodiment the ligand is an endogenous taxol-like 
substance which is bound by the monoclonal antibody 
produced by a hybridoma cell designated 29B7B3C and 
having ATCC Accession No. HB 11280. 

2 0 In a preferred embodiment, the endogenous taxol-like 
substance detected by the monoclonal antibodies of this 
invention are polypeptides. 

This invention further provides a method of 
25 quantitatively determining the amount of taxol or taxol- 
like substance in a sample which comprises: 

a) contacting a solid support with an excess of a 
composition of matter comprising taxol and an 
30 appropriate carrier molecule under conditions 

permitting the composition of matter to attach 
to the surface of the solid support; 



35 



contacting the solid support to which the 
composition of matter is attached with a 
suitable blocking agent or buffer; 
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c) contacting a predetermined amount . of a 
biological fluid sample and a predetermined 
amour.- cf a monoclonal antibody capable c; 
binding to taxol or taxol -like substances under 
5 such conditions permitting the taxol or taxol - 

like substance in the sample to bind to the 
monoclonal antibody and form a complex 
therewith in solution; 

10 d) contacting the solid support to which the 

composition of matter is attached with the 
solution of step (c) under conditions 
permitting antibodies which do not form a 
complex with the taxol or taxol -like substance 

15 in the biological fluid sample to bind to the 

composition of matter; 

e) treating the solid support so that only the 
composition of matter and monoclonal antibody 

20 bound thereto remain; and 

f ) determining the amount of antibody bound to the 
composition of matter, thereby determining the 
concentration of taxol or taxol -like substance 

25 in the biological fluid sample. 

In one embodiment the monoclonal antibody capable of 
binding to taxol or taxol -like substances is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 
30 Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No. HB 
11280. 



35 Carrier molecules which are useful to bind taxol or 
taxol -like substances to the solid support are well known 
to those skilled in the art and include, but are not 
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limited to, proteins such as bovine serum albumin, rabbit 
serum albumin, keyhole limpet hemocyanin, thyroglobulin, 
or ovalbumin. In the preferred embodiment of thi~ 
invention the carrier molecule is rabbit serum albumin. 



Coating of the solid substrate with the complex 
comprising taxol or taxol-like substance and the carrier 
molecule can be carried out at 0°C to room temperature 
for a period of one hour to 24 hours. In the preferred 
embodiment the solid substrate is contacted with an 
excess of the complex at 4°C and stored overnight, 
approximately 18 hours. 

Suitable blocking agents and buffers are well known to 
those skilled in the art and include but are not limited 
to, PBS-Tween 20 or PBS containing fetal calf serum or 
bovine serum. In the preferred embodiment the blocking 
is conducted with PBS containing l% fetal calf serum. 
Blocking is accomplished by incubating at temperature of 
approximately 37°C for about 1 hour. 

The conditions permitting the binding of antibodies to 
taxol or taxol-like substances that may be present in a 
sample comprise incubation of a culture of monoclonal 
antibody and the sample. Incubation can be carried out 
at room temperature for a period of one half to 3 hours. 
In the preferred embodiment the incubation is carried at 
room temperature for 90 minutes. 

The separation of unbound from bound monoclonal 
antibodies can be carried out by any method known to 
those skilled in the art, including but not limited to 
washing several times with PBS. In the preferred 
embodiment, the separation is accomplished by washing 
three times with PBS-Tween 20. 
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Th e detection of bound antibodies can be accomplished by- 
known methods including, but not limited to, contacting 
the complex with an antibody capable of binding to the 
monoclonal antibody which is capable of binding to the 
5 taxol or taxol-like substance. For example, the 
antibodies of the present invention are mouse IgG and IgM 
antibodies which can be detected by any ant i -mouse IgG or 
IgM antibodies such as goat anti-mouse antibodies. 

10 The sample which is being examined for the presence of 
taxol can be derived from an animal or plant. In one 
preferred embodiment of this invention the sample is 
plant extracts. In second preferred embodiment the 
sample is cytosols from cells which can be derived from 

15 animals or plants. 

In a further embodiment the sample is a biological fluid 
taken from an animal. Biological fluids which are 
capable of being tested for the presence of absence of 
2 0 compounds in an animal are well known to those skilled in 
the art. Examples of such fluids include, but are not 
limited to, mucus, serum, saliva, urine, blood, feces and 
extracts of tissue. 

2 5 In one preferred embodiment of this invention the 

biological fluid is serum and in a second preferred 
embodiment of this invention the biological fluid is 
urine . 

3 0 This invention further provides a method of 

quantitatively determining the amount of taxol or taxol- 
like substance in a sample which comprises: 

a) contacting a predetermined amount of detectably 
3 5 labeled taxol or taxol-like substance with a 

monoclonal antibody capable of binding to taxol 
or taxol-like substances under conditions 
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permitting the monoclonal antibody to bind to 
the detectably labeled taxol or taxol-like 
substance ; 

5 b) contacting the sample with the complex of step 

(a) under appropriate conditions such that any 
taxol or taxol-like substance in the sample 
will displace the detectably labeled taxol or 
taxol-like substance bound to the monoclonal 
10 antibody; 

c) separating any bound, labeled or unlabeled 
taxol or taxol-like substance from unbound, 
labeled or unlabeled taxol or taxol-like 

15 substance; and 

d) determining the amount of bound, detectably 
labeled taxol or taxol-like substance, thereby 
determining the amount of taxol or taxol-like 

20 substance in the sample. 



In one embodiment the monoclonal antibody capable of 
binding to taxol or taxol-like substances is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 

25 Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 
designated 29B7B3C and having ATCC Accession No. HB 
11280. Detectable markers useful for labeling taxol or 
taxol-like substances in the above method are well known 

30 to those skilled in the art and include, but are not 
limited to, radioactive isotopes, enzymes, dyes, 
fluorescent markers or biotin. 



In the preferred embodiment the taxol or taxol-like 
3 5 substance is labeled with a radioactive isotope. 



The conditions permitting the binding of antibodies to 
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the detectably labeled taxol or taxol -like substances 
that may be present in a sample comprise incubation of a 
culture of monoclonal antibody and the sample. 
Incubation can be carried out at room temperature for a 
5 period of one half hour to 3 . In the preferred 
embodiment the incubation is carried at room temperature 
for 2 hours. 

The bound labeled or unlabeled taxol or taxol -like 
10 substance can be separated from the unbound labeled or 
unlabeled taxol or taxol -like substance by any method 
known to those with skill in the art. Examples of such 
methods include addition of a charcoal solution and 
centrifugation, precipitation of the complex comprising 
15 monoclonal antibody and the labeled or unlabeled taxol or 
taxol -like substance bound thereto or by contacting the 
complex with an antibody capable of binding to the 
monoclonal antibody which is capable of binding to the 
taxol or taxol -like substance. 

20 

Precipitation can facilitated by known methods which 
include, but are not limited to addition of a sodium 
sulfate solution, such as a 50% sodium sulfate solution, 
or by addition of polyethylene glycol. 

25 

The sample which is being examined for the presence of 
taxol can be derived from an animal or plant. In one 
preferred embodiment of this invention the sample is 
plant extracts. In second preferred embodiment the 
3 0 sample is cytosols from cells which can be derived from 
animals or plants. 

In a further embodiment the sample is a biological fluid 
taken from an animal. Biological fluids which are 
35 capable of being tested for the presence of absence of 
compounds in an animal are well known to those skilled in 
the art. Examples of such fluids include, but are not 
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limited to, mucus, seruiri, saliva, urine, blood, feces and 
extracts of tissue. 

In one preferred embodiment of this invention the 
5 biological fluid is serum and in a second preferred 
embodiment of this invention the biological fluid is 
urine . 

In one embodiment of this invention when the sample is 
10 human serum the method above further comprises a dilution 
step where the sample is diluted approximately 1:5 with 
a suitable diluent. Diluents suitable for this step will 
be readily apparent to those skilled in the art and 
include, but are not limited to such diluents as PBS and 
15 tris-buf f ers . 



The present invention further provides a kit for assaying 
for taxol or a taxol-like substance in a sample 
comprising in separate compartments: 

a) the monoclonal antibody capable of binding to 
taxol or taxol-like substances; 



b) a second monoclonal antibody which is capable 
25 of binding to the antibody which is capable of 

binding to taxol or a taxol-like substance; and 



c) a standardized solution of taxol. 



3 0 In one embodiment the monoclonal antibody capable of 
binding to taxol or taxol-like substances is produced by 
a hybridoma cell designated 69E4A8E and having ATCC 
Accession No. HB 11281. In a second embodiment the 
monoclonal antibody is produced by a hybridoma cell 

35 designated 29B7B3C and having ATCC Accession No. HB 
11280. In a preferred embodiment, the kit further 
comprises a plate having a plurality of wells, each well 
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coated with a layer of a complex comprising taxol and a 
suitable carrier molecule. 

In another embodiment, the second monoclonal antibody is 
5 labeled with a detectable marker and the kit further 
comprises an appropriate substrate to detect the 
detectable marker. 

Detectable markers useful for labeling taxol or taxol - 
10 like substances in the above method are well known to 
those skilled in the art and include, but are not limited 
to, radioactive isotopes, enzymes, dyes, fluorescent 
markers or biotin. Substrates useful for detecting 
various detectable markers are well known to those 
15 skilled in the art. 

The present invention also provides a method for 
monitoring the treatment of a disease in a subject being 
treated with taxol or a taxol -like substance which 
20 comprises using the above- identified kit to determine the 
amount of taxol or taxol -like substance in a sample taken 
from the subject. 

Diseases for which the above- identified kit would be 
25 useful are all those diseases for which taxol or taxol - 
like substances are used in the treatment. Examples of 
such diseases include but are not limited to breast 
cancer or ovarian cancer or diseases characterized by the 
presence of a melanoma. 

30 

The present invention further provides an anti- idiotypic 
monoclonal antibody of taxol or biologically active taxol 
derivatives. In a preferred embodiment the anti- 
idiotype monoclonal antibody is an IgG 2b . In this 
35 application, the term "biologically active taxol 
derivative" is meant to encompass all substances which 
could be characterized as derivatives or analogues of 
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taxol, and which possess the biological activity cf 
taxol, whether derived from the taxol molecule, isolated 
from natural products or otherwise synthetically 
produced. 

5 

The present invention also encompasses fragment anti- 
idiotypic monoclonal antibody molecules which exhibit the 
same activity as the above -disclosed anti- idiotypic 
monoclonal antibody. Examples of such fragments are well 

10 known to those of ordinary skill in the art and known as 
Fab, Fab' or F(ab') : antibody fragments. In a preferred 
embodiment the anti -idiotypic monoclonal antibody 
fragment is a Fab' fragment. In another preferred 

embodiment the anti - idiotypic monoclonal antibody 

15 fragment is a F(ab') : fragment. Methods of producing the 
antibody fragments are also known to those of ordinary 
skill in the art. By way of example, the Fab' fragment 
of the above -disclosed anti- idiotypic monoclonal antibody 
can be produced by papain digestion of the anti- idiotypic 

20 monoclonal antibody. Similarly, the F(ab') 2 fragment can 
be produced by pepsin digestion of the anti -idiotypic 
monoclonal antibody . 

The anti- idiotypic monoclonal antibody or anti- idiotypic 
25 monoclonal antibody fragment of the present invention 
encompasb any anti - idiotypic monoclonal antibody or 
fragment thereof which binds to a receptor which binds 
taxol or biologically active taxol derivatives. In a 
preferred embodiment, the receptor is a receptor on 
30 tubulin. In another preferred embodiment, the receptor is 
a receptor on microtubules. 

In a preferred embodiment the above-defined anti- 
idiotype monoclonal antibody or fragment thereof mimics 
35 taxol and biologically active taxol derivatives by 
promoting the assembly of tubulin into microtubules. 
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The present invention also provides a hybridoma which 
produces an anti- idiotypic monoclonal antibody of the 
type described above. In a preferred embodiment the 
hybridoma is the hybridoma designated 82H11B9F and having 
5 ATCC Accession No. HB 11548. 

The present invention also provides an anti - idiotypic 
monoclonal antibody which is produced by the hybridoma 
designated 82H11B9F and having ATCC Accession No. HB 
10 11548. 

In a preferred embodiment the above defined anti- 
idiotypic monoclonal antibody is labeled with a 
detectable marker. Detectable markers useful for labeling 
15 the above defined anti- idiotypic monoclonal antibody are 
well known to those skilled in the art and include, but 
are not limited to, radioactive isotopes, enzymes, dyes, 
fluorescent markers or biotin. 

2 0 In a preferred embodiment the anti- idiotypic monoclonal 

antibodies are labeled with a radioactive isotope. In a 
another preferred embodiment the anti- idiotypic 
monoclonal antibodies are labeled with an enzyme. 

25 The present invention also provides a method of detecting 
taxol receptors in a sample which comprises contacting 
the sample with the above defined anti- idiotypic 
monoclonal antibody under conditions permitting the 
antibody to form a complex with a receptor and detecting 

3 0 the presence of any complex so formed. 

In the practice of this method, the conditions permitting 
the anti- idiotypic monoclonal antibody to form a complex 
with the receptor comprise incubation of a culture of 
35 anti -idiotypic monoclonal antibody and the sample. 
Incubation can be carried out at a temperature range of 
from about 4°C to about 37°C for a period of from about 
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one half hour to 3 hours. In the preferred embodiment 
the incubation is carried out at 3 7°C for 1 hour. 

In the practice of this method, detection of the presence 
5 of complex can be accomplished by known methods 
including, but not limited to, precipitation of the 
complex or by contacting the complex with an antibody 
capable of binding to the anti- idiotypic monoclonal 
antibody of the subject invention. Precipitation can be 
10 facilitated by known methods which include, but are not 
limited to, addition of an ammonium sulfate solution, 
such as a 50% ammonium sulfate solution, or by addition 
of polyethylene glycol, 

15 In a preferred ^embodiment of this invention the sample is 
a biological fluid. Biological fluids which would be 
useful in the practice of this invention will be readily 
apparent to those of ordinary skill in the art. Examples 
of biological fluids include, but are not limited to, 

20 mucus, serum, saliva, urine, blood, feces and extracts of 
tissue. 

In one preferred embodiment the biological fluid is 
serum. In another preferred embodiment the biological 
25 fluid is tissue extracts. 

The present invention further provides a qualitative 
immunoassay for detecting a receptor which binds taxol or 
biologically active taxol receptors in a sample which 
3 0 method comprises: 

a) contacting a sample suspected of containing the 
taxol receptor with above defined anti- 
idiotype monoclonal antibody labeled with a 
3 5 detectable marker under conditions permitting 

the formation of a complex which comprises the 
detectably labeled anti -idiotypic monoclonal 
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antibody and the receptor; and 

b) detecting the presence of the complex and 
thereby detecting the presence of the receptor. 

5 

In the practice of this method, the conditions permitting 
the detectably labeled anti - idiotypic monoclonal antibody 
to form a complex with the receptor comprise incubation 
of a culture of detectably labeled anti- idiotypic 
10 monoclonal antibody and the sample. Incubation can be 
carried out at a temperature range of from about 4°C to 
about 37°C for a period of from about on half hour to 3 
hours. In the preferred embodiment the incubation is 
carried out at 37°C for 1 hour. 

15 

In a preferred embodiment of this invention the sample is 
a biological fluid. Biological fluids which would be 
useful in the practice of this invention will be readily 
apparent to those of ordinary skill in the art. Examples 
20 of biological fluids include, but are not limited to, 
mucus, serum, saliva, urine, blood, feces and extracts of 
tissue . 

In one preferred embodiment the biological fluid is 
25 serum. In another preferred embodiment the biological 
fluid is tissue extracts. 

The present invention further provides a qualitative 
histochemical assay for detecting the presence of a taxol 
30 receptor in a biological sample which comprises: 

a) contacting the biological sample with the above 
defined anti - idiotypic monoclonal antibody under 
conditions permitting the formation a complex which 
35 includes the taxol receptor and the anti- idiotypic 

monoclonal antibody; 
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b) removing from the sample ant i - idiotypic monoclonal 
antibody which is not part of the complex; 

c) contacting the resulting sample with a detectably 
5 labeled antibody or detectably labeled antibody 

fragment capable of specifically binding the anti- 
idiotype monoclonal antibody under conditions 
permitting the labeled antibody or antibody fragment 
to bind to the anti- idiotypic monoclonal antibody; 
10 and 

d) detecting the presence of detectably labeled 
antibody fragment bound to the anti- idiotypic 
monoclonal antibody and, thereby, detecting the 

15 presence of taxol receptor in the sample. 

In the practice of this method, the conditions in step 
(a) permitting the ant i - idiotypic monoclonal antibody to 
form a complex with the receptor comprise incubation of 

2 0 a culture of anti- idiotypic monoclonal antibody and the 
sample. Incubation can be carried out at a temperature 
range of from about 4°C to about 37°C for a period of 
from about on half hour to 3 hours. In the preferred 
embodiment the incubation is carried out at 37°C for 1 

2 5 hour. 

The separation in step (b) of unbound anti- idiotypic 
monoclonal antibody from bound anti -idiotypic monoclonal 
antibody can be carried out by any method known to those 
30 skilled in the art. An example of such methods include 
precipitation of the complex with an anti-mouse globulin. 

In the practice of this method, the conditions of step 
(c) permitting the detectably labeled anti- idiotypic 
35 monoclonal antibody to form a complex with the receptor 
comprise incubation of a culture of. detectably labeled 
anti -idiotypic monoclonal antibody and the sample. 
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Incubation can be carried out at a temperature range cf 
from about 4°C to about 37°C for a period of from about 
on half hour to 3 hours. In the preferred embodiment: the 
incubation is carried out at 37°C for 90 minutes. 

5 

In the practice of this method, detection of the presence 
of complex in step (d) can be accomplished by known 
methods including, but not limited to, precipitation of 
the complex or by contacting the complex with an antibody 

10 capable of binding to the anti- idiotypic monoclonal 
antibody of the subject invention. Precipitation can be 
facilitated by known methods which include, but are not 
limited to, addition of an ammonium sulfate solution, 
such as a 50% ammonium sulfate solution, or by addition 

15 of polyethylene glycol. 

The practice of this method encompasses the use of 
monoclonal antibodies or fragment monoclonal antibody 
molecules which are capable of specifically binding to 

20 the anti- idiotypic monoclonal antibody described above. 
Methods of producing such monoclonal antibodies and 
antibody fragments thereof are well known to those of 
ordinary skill in the art. Examples of fragment 
monoclonal antibodies which are capable of specifically 

25 binding to the anti - idiotypic monoclonal antibody are 
also well known to those of ordinary skill in the art and 
known as Fab, Fab' or F(ab') 2 antibody fragments. 

In a preferred embodiment of this invention the 
30 biological sample is a biological fluid. Biological 
fluids which would be useful in the practice of this 
invention will be readily apparent to those of ordinary 
skill in the art. Examples of biological fluids include, 
but are not limited to, mucus, serum, saliva, urine, 
3 5 blood, feces and extracts of tissue. 

In one preferred embodiment the biological fluid is 
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serum. in another preferred embodiment the biological 
fluid is tissue extracts. 

The present invention also provides a quantitative 
5 histochemical assay for determining the amount, present 
in a sample, of a receptor to which taxol or biologically 
active taxol derivatives bind which method comprises: 

a) contacting the sample with a predetermined amount of 
10 the above defined anti- idiotypic monoclonal antibody 

under conditions permitting the formation of a 
complex which includes the taxol receptor and the 
anti- idiotypic monoclonal antibody; 

15 b) removing from the sample anti -idiotypic monoclonal 
antibody which is not part of the complex; 

c) contacting the resulting sample with a detectably 
labeled antibody or a detectably labeled antibody 

20 fragment capable of specifically binding to the 

anti -idiotypic monoclonal antibody under conditions 
permitting the detectably labeled antibody or 
detectably labeled antibody fragment to bind to the 
anti- idiotypic monoclonal antibody which is part of 

25 the complex formed in (a) ; and 

d) determining the amount of detectably labeled 
antibody or detectably labeled antibody fragment 
bound to the anti • idiotypic monoclonal antibody and 

30 thereby determining the amount of taxol receptor in 

the sample. 

In the practice of this method, the conditions in step 
(a) permitting the anti - idiotypic monoclonal antibody to 
3 5 form a complex with the receptor comprise incubation of 
a culture of anti- idiotypic monoclonal antibody and the 
sample. Incubation can be carried out at a temperature 
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range of from about 4°C to about 37°C for a period of 
from about on half hour to 3 hours. In the preferred 
embodiment the incubation is carried out at 37°C for 1 
hour . 

5 

The separation in step (b) of unbound anti- idiotypic 
monoclonal antibody from bound anti -idiotypic monoclonal 
antibody can be carried out by any method known to those 
skilled in the art. An example of such methods include 
10 precipitation of the complex with an anti -mouse globulin. 

In the practice of this method, the conditions of step 
(c) permitting the detectably labeled anti -idiotypic 
monoclonal antibody to form a complex with the receptor 

15 comprise incubation of a culture of detectably labeled 
anti- idiotypic monoclonal antibody and the sample. 
Incubation can be carried out at a temperature range of 
from about 4°C to about 37°C for a period of from about 
on half hour to 3 hours. In the preferred embodiment the 

2C incubation is carried out at 37 °C for 1 hour. 

The practice of this method encompasses the use of 
monoclonal antibodies or fragment monoclonal antibody 
molecules which are capable of specifically binding to 

2 5 the anti- idiotypic monoclonal antibody described above. 
Methods of producing such monoclonal antibodies and 
antibody fragments thereof are well known to those of 
ordinary skill in the art. Examples of fragment 
monoclonal antibodies which are capable of specifically 

30 binding to the ant i - idiotypic monoclonal antibody are 
also well known to those of ordinary skill in the art and 
known as Fab, Fab' or F(ab') 2 antibody fragments. 

The present invention also provides a method for 
35 determining the amount of taxol or biologically active 
taxol derivative in a sample which comprises: 
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a) immobilizing the above defined anti- idiotypic 
monoclonal antibody on an appropriate substrate; 

b) contacting the sample containing taxol or 
5 biologically active taxol derivative with the 

immobilized anti -idiotypic monoclonal antibody of 
step (a) under conditions permitting any taxol or 
biologically active taxol derivative in the sample 
to form a complex with the immobilized anti- 
10 idiotypic monoclonal antibody; 

c) contacting the complex formed in step (b) with a 
predetermined amount of a labeled antibody or 
labeled antibody fragment which specifically binds 

15 to taxol or biologically active taxol derivative 

under conditions permitting the labeled antibody or 
labeled antibody fragment to displace taxol or 
biologically active taxol derivative bound to the 
immobilized anti - idiotypic monoclonal antibody; and 

20 

d) determining the amount of labeled antibody or 
labeled antibody fragment bound to the immobilized 
monoclonal anti - idiotypic monoclonal antibody 
thereby determining the amount of taxol or 

25 biologically active taxol in the sample. 

Examples of suitable solid supports useful for 
immobilizing the ant i - idiotypic monoclonal antibody are 
well known to those of ordinary skill in the art. 
30 Examples of supports include, but are not limited to, 
such materials as aminohexol sepharose and commercial 
products such as Af fi-gel 10* (available from Bio-Rad) and 
Reacti-gel" (available from Pierce) . 



35 



In the practice of this invention the conditions in step 
(b) permitting any taxol or biologically active taxol 
derivative in the sample to form a complex with the 
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immobilized ant i - idiotypic monoclonal antibody comprise 
incubation of a culture of the bound anti- idiotypic 
monoclonal antibody and the sample. Incubation can be 
carried out at a temperature of about 0°C for a period of 
5 12 to 24 hours. In the preferred embodiment the 
incubation is carried out at a temperature of 0°C for 18 
hours . 

In the practice of this invention the conditions in step 
10 (c) permitting the labeled antibody or labeled antibody 
fragment to displace taxol or biologically active taxol 
derivative bound to the immobilized anti- idiotypic 
monoclonal antibody comprise incubation of a culture of 
the complex formed in step (b) with the predetermined 
15 amount of labeled antibody or labeled antibody fragment. 
Incubation can be carried out at a temperature of about 
0°C for a period of 12 to 24 hours. In the preferred 
embodiment the incubation is carried out at a temperature 
of 0°C for 18 hours. 

20 

In a preferred embodiment of this method the labeled 
antibody which specifically binds taxol or biologically 
active taxol derivatives is the monoclonal antibody 
produced by the hybridoma designated 29B7B3C having ATCC 
25 Accession No. HB 11280 labeled with a detectable marker. 

In another preferred embodiment of this method the 
labeled antibody which specifically binds taxol or 
biologically active taxol derivatives is the monoclonal 
3 0 antibody produced by the hybridoma designated 69E4A8E 
ATCC No. HB 11281 labeled with a detectable marker. 

The practice of this method encompasses the use of 
detectably labeled fragment monoclonal antibody molecules 
35 which are capable of specifically binding taxol or 
biologically active taxol derivatives. Methods of 
producing such antibody fragments are well known to those 
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of ordinary skill in the art including such methods as 
enzyme digestion of the monoclonal antibody. In a 
preferred embodiment the detectably labeled monoclonal 
antibody fragment molecule is a fragment of the 
5 monoclonal antibody produced by the hybridoma designated 
29B7B3C having ATCC Accession No. HB 11280 labeled with 
a detectable marker. In another preferred embodiment the 
detectably labeled monoclonal antibody fragment molecule 
is a fragment of the monoclonal antibody produced by the 
10 hybridoma designated 69E4A8E ATCC No. HB 11281 labeled 
with a detectable marker. 

The present invention further provides a method for 
determining the amount of taxol or biologically active 
15 taxol derivative in a sample which comprises: 

a) immobilizing an antibody or antibody fragment which 
specifically binds to taxol or biologically active 
taxol derivatives on an appropriate substrate; 

20 

b) contacting the sample containing taxol or 
biologically active taxol derivative with the 
immobilized antibody or antibody fragment of step 
(a) under conditions permitting any taxol or 

25 biologically active taxol derivative in the sample 

to form a complex with the immobilized antibody or 
ant ibody f ragment ; 

c) contacting the complex formed in step (b) with a 
3 0 predetermined amount of the above defined anti- 
idiotype monoclonal antibody labeled with a 
detectable marker under conditions permitting the 
labeled ant i- idiotypic monoclonal antibody to 
displace any taxol or biologically active taxol 

35 derivative bound to the immobilized antibody or 

antibody fragment; and 
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d) determining the amount of labeled anti -idiotypic 
monoclonal antibody bound to the immobilized 
antibody or antibody fragment thereby determining 
the amount of taxol or biologically active taxol 
5 derivative in the sample . 

Examples of suitable solid supports useful for 
immobilizing the antibody or antibody fragment of step 
(a) are well known to those of ordinary skill in the art. 
10 Examples of supports include, but are not limited to, 
such materials as aminohexol sepharose and commercial 
products such as Affi-gel 10* (available from Bio-Rad) and 
Reacti-gel* (available from Pierce) - 



15 In the practice of this invention the conditions in step 
(b) permitting any taxol or biologically active taxol 
derivative in the sample to form a complex with the 
immobilized antibody or antibody fragment comprise 
incubation of a culture of the bound anti- idiotypic 

20 monoclonal antibody and the sample. Incubation can be 
carried out at a temperature range of from about 0°C to 
about 37°C for a period of from about 2 hours to about 24 
hours. Those of ordinary skill in the art will recognize 
that as the temperature of the incubation is raised, the 

25 time of incubation decreases. Accordingly, in a 
preferred embodiment the incubation is carried out at a 
temperature of 37 °C for a period of about 2 hours. 

In the practice of this invention the conditions in step 
30 (c) permitting the labeled anti -idiotypic monoclonal 
antibody to displace any taxol or biologically active 
taxol derivative bound to the immobilized antibody or 
antibody fragment comprise incubation of a culture of the 
complex formed in step (b) with the predetermined amount 
3 5 of the above defined anti- idiotypic monoclonal antibody 
labeled with a detectable marker. Incubation can be 
carried out at a temperature range of from about 0°C to 
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about 37°C for a period of from about 2 hours to about 24 
hours. Those of ordinary skill in the art will recognize 
that as the temperature of the incubation is raised, the 
time of incubation decreases. Accordingly, in a 
5 preferred embodiment the incubation is carried out at a 
temperature of 37 °C for a period of about 2 hours. 

In a preferred embodiment of this method the antibody 
which specifically binds taxol or biologically active 
10 taxol derivatives is the monoclonal antibody produced by 
the hybridoma designated 69E4A8E ATCC No. HB 11281. 

In another preferred embodiment of this method the 
antibody which specifically binds taxol or biologically 
15 active taxol derivatives is the monoclonal antibody 
produced by the hybridoma designated 29B7B3C having ATCC 
Accession No. HB 11280. 

The practice of this method encompasses the use of 
2 0 fragment monoclonal antibody molecules which are capable 
of specifically binding taxol or biologically active 
taxol derivatives. Methods of producing such antibody 
fragments are well known to those of ordinary skill in 
the art including such methods as enzyme digestion of the 
25 monoclonal antibody. In a preferred embodiment the 
monoclonal antibody fragment molecule is a fragment of 
the monoclonal antibody produced by the hybridoma 
designated 29B7B3C having ATCC Accession No. HB 11280. 
In another preferred embodiment the monoclonal antibody 
30 fragment molecule is a fragment of the monoclonal 
antibody produced by the hybridoma designated 69E4A8E 
ATCC NO. HB 112 81. 

The invention is further illustrated in the Experimental 
35 Details section which follows. The Experimental Details 
section and Examples contained therein are set forth to 
aid in an understanding of the invention. This section 
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is not intended to, and should not be interpreted to, 
limit in any way the invention set forth in the claims 
which follow thereafter. 
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Experimental Details 
EXAMPLE 1 

5 Production of monoclonal antibodies* 
I. Materials and Methods 
A. Reagents 

10 

Taxol (NSC-125973) , cephalomannine (NSC-318735) , baccatin 
III (NSC-330753) and [3H] taxol (23 Ci/mmol) (NSC-125973) 
were obtained from the National Cancer Institute, The 
following taxol derivatives were a generous gift from Dr. 

15 D.G.I. Kingston (Virginia Polytechnic Institute and State 
University, Blackburg, VA) : 2 ' - ( triethylsilyl) taxol , 7- 
epi taxol, 2 -debenzoylisotaxol , 2- [N-benzyloxycarbamyl 
(Cbz) ] -/S-alanyl) -7-oxo-5, 6-dehydro-5-0-secotaxol, 20- 
ace t oxy -4 -deacetyl-5-epi-20, 0 - seco taxol , 10- 

20 deacetylbaccatin III and 7- (triethylsilyl) baccatin III. 
We thank Dr. P. Potier of the Institut de Chimie des 
Substances Naturelles (CNRS) , Gif -Sur- Yvette, France and 
Dr. J.-L. Fabre of Rhone- Poulenc Rorer (France) for the 
sample of taxotere. 

25 

Bovine serum albumin <BSA) , rabbit serum albumin (RSA) , 
charcoal, polyvinylpyrrolidone (PVP) and succinic 
anhydride were purchased from Sigma Chemical Corp. (St. 
Louis, MO) . Isobutylchlorof ormate and n- tributylamine 

30 were from Eastman Kodak Corp. (Rochester, NY) . Dextran 
T70 was purchased from Pharmacia LKB Biotechnology 
(Uppsala, Sweden) . Fetal calf serum (FCS) was from 
Hyclone (Logan, UT) . Peroxidase- conjugated goat 

antimouse IgG+IgM was purchased from TAGO (Burlingame, 

35 CA) . The isotyping kit was from Zymed (San Francisco, 
CA) . 
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B. Synthesis of 2 ' -hemisuccinyl taxol 

The method of Deutsch et al . (11) was used with some 
modifications. Taxol (20 mg) and succinic anhydride (36 
5 mg) were dried for 4 hours at room temperature under 
vacuum over P 2 0 5 and dissolved in 480 ul of dry pyridine* 
After standing at room temperature overnight, the 
pyridine was removed under vacuum and the residue washed 
one with 2 ml of distilled water. Acetone (1 ml) was 

10 added, and distilled water was added dropwise to the 
acetone solution until a few crystals (2- 
hemisuccinyl taxol) appeared. The mixture was kept at 4°C 
for 3 hours and the crystals were recovered by filtration 
and dried under vacuum. The product was obtained in 70% 

15 yield. 

C. Synthesis of 2' -hemisuccinyl taxol -protein conjugates 

A modification of the procedures developed by Jaziri et 
2 0 al . (12) was used. 2 ' -hemisuccinyl taxol (10 mg) was 
dissolved in 1 ml DMSO and 300 ul acetonitrile, and 50 ul 
(35 mg, 0.19 mmoles) of n- tributylamine was added. The 
mixture was cooled to 4°C in a ice bath, and 25 ul (25 
mg, 0.18 mmoles) of isobutylchlorof ormate was added to 
25 the mixture which was kept in the ice bath for another 3 0 
min. 

The solution was added dropwise into a BSA or RSA 
solution (25 mg, [3.73 x 10^ mmoles] in 3 ml distilled 
30 H 2 o, pH=9.5, at 4 °C) . The pH was adjusted immediately to 
7.5 with 1 N HCI and the mixture kept at 4°C overnight 
and dialyzed against PBS at 4°C overnight. 

D. Rabbit antibodies 

35 

A female New Zealand White Rabbit was immunized 

intradermally along the back, with a 1:1 (v/v) mixture of 
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1 mg of 2' -hemisuccinyltaxol-BSA conjugate (taxol-BSA) in 
PBS and complete Freund's adjuvant (CFA) . The rabbits 
were boosted with 0.5 mg of taxol-BSA incomplete Freud's 
adjuvant (IFA) at 3-4 week intervals and bled weekly 
5 following each boost. 

E. Monoclonal antibodies (MAbs) 

BALB/c mice (Charles River) were immunized i.p. with 0.5 
10 mg taxol-BSA emulsified in CFA. Mice were boosted twice 
at two or three week intervals with 0.25 mg of taxol-BSA 
emulsified in IFA. Five days before the fusion, the mice 
were injected i.p. with 0.25 mg of taxol-BSA in PBS. 
Spleen cells were fused with nonsecreting myeloma cells 
15 P3 x 63-Ag8.653 (13), according to the method of Sharon 
et al. (14). Three weeks later, the hybridoma 
supernatant was assayed for the presence of anti-taxol 
antibodies by ELISA (see below) . The positive clones 
were confirmed for taxol binding by a competitive ELISA 
20 (see below) . Clones positive by competitive ELISA were 
subcloned twice by limiting dilution. Ascites were 
obtained by injecting 10* to 10 7 cells i.p. into BALB/c 
mice that had been primed with IFA i.p. 5 days before. 

25 F. ELISA for anti-taxol MAb screening 

Polystyrene microplates (Corning 25855) were coated with 
100 ul of taxol -RSA (250ng/ml) in 0.1 M sodium 
bicarbonate, PH-9.3, overnight at 4°C. The plates were 

30 washed with PBS containing 0.1% Tween 20 (PBS-T-20) three 
times, and 100 ul of culture supernatants were incubated 
in the wells for 2 hours at 37°C. The plates were washed 
three times with PBS-T-20 and 100 ul of a 1/3000 dilution 
of horseradish peroxidase- labeled goat ant i -mouse IgG+IgM 

3 5 in PBS -Tween 2 0 was added to each well and incubated at 
37°C for 1 hour. After washing the plates three times 
with PBS-Tween 20, 100 ul of substrate (7 mg o- 
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phenylenediamine dihydrochloride in 10 ml of 0.1 M 
citrate-phosphate buffer, pH=5 f containing 5 ul of 30% 
H 2 0 3# was added to each well. The reaction was stopped 
after 10 min by the addition of 40 ul of 8N H 2 S0 4/ and the 
5 absorbance of each well measured at 49 0 run on a Dynatech 
Microplate reader. 

G. Competitive ELISA 

10 Polystyrene microplates were coated with lOOul of taxol- 
RSA (250ng/ml) in 0.1 M sodium bicarbonate, pH=9.3, 
overnight at 4°C. The wells were washed with PBS-T-20 
three times and blocked with 200 ul of PBS , containing 1% 
fetal calf serum, for 1 hour at 37°C. Culture 

15 supernatant (lOOul) was added to the coated plate either 
in the presence or in the absence of 50 uM taxol in PBS- 
T-20 (from a 10 mM taxol stock sodium in dimethyl 
sulfoxide) ( followed by incubation at room temperature 
for 90 min. After washing four times with PBS-T-20, 

20 bound antibodies were detected with 100 ul of 1/3000 
dilution of peroxidase- labeled goat anti -mouse IgG+IgM in 
PBS-T-20 for 1 hour at 37°C. Color was developed and 
absorbance was measured as described above. 

25 For those dose dependent inhibition of binding of anti- 
taxol to taxol -RSA, 100 ul of diluted MAb IgM (29B73C) or 
MAb IgG (69E4A8E) ascites was added to the coated well 
with serial dilutions of taxol or its derivatives, from 
0.1 mM to 0.24 nM (all derivatives were from a 10 - 2 M stock 

30 solution in DMSO) , in PBS -T-20+2 . 5% FCS+3.5% polyvinyl 
pyrrol idone (PVP)+l% DMS) . 
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II. Determination of taxol in human serum 
A. EL ISA 

5 First a standard curve was determined by adding a mixture 
of 50 ul of 1/8000 dilution of 69E4A8E ascites in PBS-T- 
20 and 50 ul of serial 5-fold dilutions of taxol (from 
0.1 mM to 0.24 nM) in PBS-T-20 into the taxol -BSA- coated 
wells . 

10 

To measure taxol levels in human serum, different amounts 
of taxol in DMSO were added to human serum; the final 
concentration of DMSO was, in all cases, 0.5%. A mixture 
of 50 ul of 1/8000 dilution of 69E4A8E ascites and 50 ul 
15 of a 1/5 dilution of serum in PBS-T-20 was added to 
taxol -RSA- coated plates, followed by incubation at room 
temperature for 90 min. Bound antibodies were detected 
as described above. 

2 0 B. Radioimmunoassay 

For a standard curve of anti- taxol antibody binding to 
['HI taxol, 100 ul of diluted 29B7B3C or 69E4A8E ascites or 
rabbit antiserum in RIA buffer (PBS+0.1% T-20+0.1% 
25 gelatin+0.1% NaN 3 ) was incubated for 2 hours at room 
temperature with 100 ul of [ 3 H] taxol (Ca. 10,000 cpm) in 
RIA buffer, in the presence of 100 ul of serially diluted 
taxol solutions in RIA buffer. Bound ligand was 
separated from free by the addition of 100 ul of a 2.5% 

3 0 dextran- coated charcoal solution in RIA buffer, 

incubation for 3 min at 4°C and centrif ugation in an 
Eppendorf centrifuge for 2 min. The supernatant, 
containing bound [ 3 H] taxol , was counted for radioactivity. 
For characterizing the antiserum, taxol derivatives were 
3 5 incubated at room temperature for 2 hours with the rabbit 
antiserum and [ 3 H] taxol. Bound [ 3 H] taxol was determined 
as described above. 
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To measure taxol levels in human serum by RIA, 10 0 ul of 
1/150 dilution of rabbit anti-taxol antiserum or 1/150 
dilution of 69E4A8E ascites were added to- 100 ul of 
[ 3 H] taxol in RIA buffer and 100 ul of undiluted to 1/100 
5 dilution of human serum samples originally containing 
concentrations of taxol from 0.005 uM to 5 uM. For the 
higher concentrations, the sera were diluted with RIA 
buffer to bring the concentrations within the working 
range of the RIA (0.03 nM to 10 nM) . After incubating 
10 for 2 hours at room temperature, bound [ 3 H] taxol was 
determined as described above. 

III. Results 

15 A. Characterization of antibodies 

Antibodies generated in rabbits using a taxol -BSA 
conjugate wee assayed for specificity by RIA (Figure 1) . 
The antibodies bound taxol and cephalomannine with almost 
20 equal affinity* Two inactive derivatives, baccatin III 
and 20, O-secotaxol, were bound with affinities about 3 
orders of magnitude lower than taxol. Taxotere, a 
biologically active compound (15, 16), was bound with 
100- fold lower affinity than taxol. 

25 

Two mouse monoclonal anti-taxol antibodies were isolated, 
29B7B3C (IgM) and 69E4A8E (IgG,) . Taxol inhibited the 
binding of both antibodies to taxol -R3A, as shown by 
ELISA, with an IC* for taxol of about 0.1 uM. The 

30 specificities of the antibodies were determined by a 
competitive ELISA with taxol and 10 related derivatives. 
(Figures 2 and 3) . Because many of the derivatives were 
not soluble in 5% DMSO at their high concentrations, PVP 
(3.5%) was introduced into the solution. Yonish-Rouach 

35 et al. (17) found that cyclosporin A, which is not 
soluble in water, could be solubilized in an aqueous 
solution containing 3.5% PVP (PVP (PH=7.4) without 
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affecting immunological assays of cyclosporin A. We 
found that taxol and its derivatives were also more 
soluble in the presence of 3-5% PVP without any 
deleterious effect on the immunoassays (data not shown) . 

5 

The IC 50 of each derivative, as determined by the ELISA 
inhibition assays (Figures 2 and 3), are shown in Table 
1. Both monoclonal antibodies had higher binding 
affinities for biologically active derivatives (taxol, 

10 cephalomannine and 7-epitaxol) than for inactive 
derivatives (baccatin III derivatives and derivatives 
with an open oxetane ring) . Specificity was consistent 
with the results of tubulin disassembly assays and 
cytotoxicity studies using the same taxol derivatives 

15 (10) . An exception was the biologically active 
derivative taxotere which was recognized poorly by 
69E4A8E. This had also been the case with the rabbit 
antiserum (see above) . 

2 0 B. Measurement of taxol levels in human serum by ELISA 

and RIA 

For these experiments, known amounts of taxol were 
dissolved in human serum. 

25 

Taxol levels in human serum were measured by RIA using 
the rabbit antiserum. The results are in Table 2. The 
lowest concentration of taxol detected was 5 nM. 
However, the lower limit of measurement, as determined 
30 from the standard inhibition curve was 0.1 nM (0.085 
ng/ml). The MAbs could also be used to measure taxol 
levels by RIA, but the lower limit of measurement was 50 
nM (data not shown). 

3 5 Taxol levels in human serum could be also, measured by 

ELISA using 69E4A8E (Table 3). In preliminary 

experiments, we found that undiluted human serum 
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partially blocked the binding of antibody to taxol -RSA as 
measured by ELISA. Interference of binding was minimized 
by a 1:5 dilution of the serum with PBS. The lower, limit 
of measurements was about 5 0 nM or 42 ng/ml. 

5 

IV, Discussion 

All of the antibodies are sensitive to the presence of 
the side chain ester at C-13 and an intact oxetane ring. 

10 In other words, biologically active compounds are bound 
well and inactive derivatives are bound poorly. An 
exception is the inability of the rabbit serum and 
69E4A8E to recognize taxotere, a semi -synthetic 
biologically active taxol analogue. The differences 

15 between taxol and taxotere lacks an C-19 acetyl group and 
has a t-butyloxycarbamido group rather than a benzamido 
group at the C-3' position. It is likely to be the 
latter that is the significant difference because the Cl- 
io acetyl group is not necessary for activity. Moreover, 

2 0 cephalomannine, which is acetylated at C-10, is more 
poorly recognized by 69E4A8E. Apparently, the. phenyl 
ring of taxol is an important determinant group for 
binding to the rabbit antibodies and to 69E4A8E. 

25 On the other hand, 29B7B3C binds taxotere as well as it 
does tax-jl and it does not bind inactive derivatives 
well. We suggest, therefore, that it should be possible 
to use this antibody to screen for taxol or taxol -like 
compounds in extracts of natural products. We have begun 

30 to investigate this possibility. Moreover, its 

interaction with active taxol -related compounds closely 
correlates with their effects on microtubulin 
disassembly, making 29B7B3C an excellent candidate for 
eliciting anti- idiotypic antibodies that mimic taxol 

35 (22) . 

Our antibodies can measure taxol levels in human serum to 
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which known quantities of taxol were added. In clinical 
trials, HPLC has been used to measure taxol levels in 
serum, urine and other biofluids, the lower limit of 
detection being 50 nM (9, 23). However HPLC techniques 
5 are not as suitable as immunoassays for routine analysis 
of large numbers of samples of biological fluids. The 
only immunoassay reported thus far is that of Jaziri et 
al . (12). Their rabbit antiserum could detect as little 
as 23.5 nM or 20 ng/ml in plant extracts by ELISA. They 

10 did not examine human serum. Our monoclonal antibodies 
could measure taxol in concentration range of about lOnM 
to lum in PBS . However, the presence of human serum 
interfered with the binding of the antibodies in ELISA 
assays, requiring a dilution step that decreased the 

15 sensitivity of the procedure to a lower limit of 50nM. 
The interfering factor in human serum did not seem to be 
an endogenous taxol -mimicking substance, because, upon 
dilution, its inhibition curve was not similar to that of 
taxol. Moreover, serum did not interfere with the RIAs. 

20 We will be investigating this further. 

Rowinsky and Donehower (9) reviewed pharmacokinetic 
studies of taxol. In the doses recommended in phase II 
trials, i.e. 200 to 250 mg/m 2 infusion over 24 hours, the 
25 peak taxol level in plasma were above 0.6 uM, well within 
the range detectable and measured by our antibodies. 
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Table 2. Measurement of taxol levels in human serum by 
RIA using rabbit anti taxol antiserum* 

5 



Actual taxol 
concent rat ions 


Taxol concentrations found* 


5 uM 


5.87 + 1.00 uM 


500 nM 


476 i 4 nM 


50 nM 


32.7 + 0.3 nM 


10 n M 


11 .3 ± 0.5 nM 


5 nM 


5.67 + 0.64 nM 



2 5 'All samples were done in duplicate. 
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Table 3 . Measurement of taxol levels in human serum by 
ELISA using 69E4A8E. 



Actual taxol Taxol concentrations 

10 concentrations found' 



5 uM 3,61 + 0.35 uM 

500 nM 600 ± 144 nM 

50 nM 62.1 + 9,8 nM 



* Data were averaged from three duplicate experiments for 
each concentration. 
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EXAMPLE 2 

Production of anti- idiotypic monoclonal antibody. 
5 I. Materials and Methods 

A. Affinity purification of rabbit polyclonal anti-taxol 
antibodies 

10 Rabbit anti-taxol antiserum (R585) was prepared and 
characterized as described before (24) . 10 milligrams 
each of taxol-RSA (rabbit serum albumin) (24) and BSA 
(bovine serum albumin) in 1 ml of 0.1 M 2 - (N-morpholino) - 
ethanesulf onic acid (MES) , pH = 4.8, were added to 2 ml 

15 of Affigel-10, respectively, and rocked overnight at 4°C. 
The gel was washed with several column volumes of PBS (pH 
7.3) and with 0.2 M glycine -HC1 buffer, pH 2.5, and then 
equilibrated with PBS. 6 ml of rabbit polyclonal anti- 
serum was first recirculated through a taxol-RSA- Af f igel 

20 10 column overnight at 4°C at a rate of 0.2 ml/min. The 
column was then extensively washed with PBS at a rate of 
1.0 ml/min to remove nonspecific bound proteins, and the 
antibodies were eluted with 0.2 M glycine-HCl, pH=2.5, at 
a rate of 0.5 ml/min. The eluted antibodies were 

25 immediately neutralized with 2 M Tris base and dialyzed 
against PBS at 4°C overnight. On the next day, the 
eluted antibodies were recycled through a BSA-Affigel 10 
column at 4°C overnight to remove BSA- binding antibodies. 
The effluent which contained anti-taxol antibodies in PBS 

30 was collected and concentrated by a Centriprep- 10 
concentrator (Amicon) for following use. 

B. Preparation of Fab fragments of rabbit anti-taxol 
antibodies 

35 

Affinity-purified antibodies in PBS (0.01 M NaHP04-0.l5 
M NaCL were digested by 1/100 (w/w) of mercuripapain in 



WO 94/20134 



PCT/US94/02330 



-59- 

the presence of 2 mM EDTA and 2 mM dithiotreitol 
overnight at 37°C. The solution was recirculated through 
a Protein A-Sepharose-4B column- at 4°C overnight. The 
undigested IgG and Fc fragments remained bound to the 
5 column and Fab fragments were eluted. The purity of the 
Fab fragments was confirmed by SDS-polyacrylamide gel 
electrophoresis . 

C. Hybridomas 

10 

Balb/c mice were immunized and boosted several times with 
taxol-BSA as described before (24) . Cell fusion was done 
and supernatants were screened by ELISA,. The 96 -well 
microplates were coated with 100 /il of 0.5 /xg/ml of 

15 rabbit Fab fragments in 0.1 M NaHC0 3 , pH = 9.3, at 4°C 
overnight. The wells were washed with PBS + 0.1% Tween 
20 (PBS-T-20) three times and blocked with 200 pi of 1% 
fetal calf serum (F.C.S.) in PBS-T-20 for 1 hour at 37°C. 
After washing three times with PBS-T-20, 100 pi of 

20 culture supernatant were added to the wells and incubated 
at 3 7°C for 2 hours. The plates were washed three times 
with PBS-T-20, and 100 pi of a 1/3000 dilution of 
horseradish peroxidase- labeled goat ant i -mouse IgG + IgM 
in PBS-T-20 were added to each well and incubated at 37°C 

25 for 1 hour. After the plates were washed three times 
with PBS-T-20, 100 pi of substrate {7 mg o- 
phenylenediamine dihydrochloride in 10 ml of 0.1 M 
citrate-phosphate buffer, pH 5, containing 5 pi of 30% 
H : 0 2 ) were added to each well. The reaction was stopped 

30 after 10 min by the addition of 40 pi of 8N H : S0 4/ and the 
absorbance of each well was measured at 490 nm on a 
Dynatech Microplate reader. Positive wells were 

confirmed by competitive ELISA. 

3 5 D. Competitive ELISA 

The 96 -well microplates were coated with 100 pi of 0.5 
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/xg/ml of rabbit Fab fragments in 0.1 M NaHC0 3 , pH = 9.3, 
at 4°C overnight. After washing with PBS-T-20 three 
times and blocking with 1% F.C.S. at 37°C for 1 hour, 100 
/il of culture supernatant was added to the coated wells 
5 with or without 0.1 mM taxol in PBS-T-2 0 (from a 10 mM- 
taxol stock solution in dimethyl sulfoxide) , followed by 
incubation at 37°C for 2 hours. After washing four times 
with PBS-T-20, bound antibodies were detected with 100 /il 
of 1/3000 dilution of peroxidase- labeled goat anti -mouse 
10 IgG+IgM in PBS-T-20 for 2 hour at 37°C. Color was 
developed and absorbance was measured as described above. 
Cells in the wells which showed inhibition by taxol were 
subcloned twice. 

15 In characterizing the monoclonal anti -idiotypic antibody, 
the plates were coated with rabbit Fab fragments as 
described above. After blocking with F.C.S. , 100 /xl of 
culture supernatants were added to the coated wells with 
serial dilutions of taxol and taxol analogues, followed 

20 by incubation at 37°C for 2 hours. Bound antibodies were 
detected as described above. Antibodies whose binding to 
the Fab fragments was inhibited by taxol were selected 
for study. 

2 5 E. Affinity-purified mouse monoclonal anti -idiotypic 
antibodies to taxol 

Monoclonal hybridoma cells were cultured in medium with 
5% fetal calf serum. The supernatant was collected every 

30 other day. For purifying antibodies, 150 ml of culture 
supernatant (pH «= 8.0) was recycled through a 2 ml 
protein A-sepharose 4B affinity column (Sigma) at 4°C, 
0.2 ml/min, overnight. After washing the column with PBS 
(pH s 7.3), the bound IgG antibodies were eluted with 0.1 

35 M citric acid (pH = 3.0) and the eluate was neutralized 
by 2 M tris base immediately. The eluate was dialyzed 
against PBS at 4°C overnight and antibodies were 
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concent rated by Centriprep- 10 concentrators. 

F. Preparation of microtubules 

5 Microtubules were purified from fresh calf brain by 
modified procedures from Shelanski et al . (25) Calf 
brain was minced and homogenized in 4°C MES buffer (0.1 
M MES , 0.5 mM MgCl : and 1 mM EGTA, pH - 6.6). After 
centrif ugation at 15,000 x g at 4°C for 20 min, the 

10 supernatant was collected and centrifuged again at 4°C, 
200,000 x g, for 40 min. Tubulin in supernatant was 
polymerized at 37 C C for 30 min, in the presence of 1 mM 
GTP and 4 M glycerol . Polymerized microtubules were spun 
down at 200,000 x g at 30°C for 30 min, and pellets were 

15 either stored at -70°C for further use or purified again. 
In the second purification, the once purified pellets 
were resuspended and homogenized in cold (4°C) MES buffer 
for 30 min, followed by centrif ugation at 200,00 x g, 
4°C, for 30 min. The supernatant was stored at -70°C 

20 with 8 M glycerol and 1 mM GTP. Before each experiment, 
the stored solution was mixed with equal volume of MES 
buffer containing 2 mM GTP and incubated at 37°C for 30 
min. After centrif ugation at 30°C, 200,000 x g, the 
pellets were used for the experiments. 

25 

G . Radioimmunoassay with microtubules 

The microtubule pellets after one purification were 
resuspended in MES buffer + 3 mM GPT of 4°C for 30 min to 
30 make microtubules depolymerize to tubulin, followed by 
centrifugation at 100,00 x g, 4°C, for 20 min. The 
supernatant was used for radioimmunoassay and the protein 
concentration in the supernatant was measured by Bradford 
method (36) using an assay solution from Bio-rad. 

35 

Inhibition of [ 3 H] taxol binding to microtubules was 
performed by a method described by Parness et al . (19) 
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with some modification. 400 /il of tubulin (1.5 mg/ml) in 
MES buffer + 3 Mm GTP were put in each ultracentrif uge 
tube (5 ml, Nalgene) and incubated at 37°C for 40 min. 
350 y>l serial dilutions of antibodies or taxol analogues 
5 in PBS + 0.1% NaN 3 were added to each corresponding tube 
and incubated at 37° C for 30 min. 50 ^1 of [ 3 H] taxol in 
MES buf-fer + 3 Mm GTP were added to each tube and 
incubated at 37°C for another 45 min. All tubes were 
centrifuged at 100,000 x g, 30°C, for 20 min. The 
10 supernatant of each tube was discarded. The pellets were 
washed once with warm (37°C) MES buffer + 10% sucrose and 
dissolved by 4 00 fil of 0.1 N NaOH with vigorous vortex. 
An aliquot of 165 fil was taken from each tube for 
counting radioactivity. 

15 

A turbidometric assay for microtubule formation described 
by Parness et al . (19) was used with modification. 
Tubulin (lmg/ml) after two purified in MES buffer without 
GTP was prepared. 48 0 pi of antibodies or taxol in PBS 
20 +0.1% NaN 3 were put in each corresponding cuvette. The 
tubulin solution and the cuvettes with reagents were 
warmed up at 37°C for 5 min. After heating, 620 fil of 
tubulin solution (1 mg/ml) was added to each cuvette and 
mixed up immediately. The mixtures were kept in 37°C 

2 5 water bath and the turbidity change was measured every 5 

min with a spectrophotometer at 352 nm. 

H. Electron microscopy 

3 0 One drop of the samples from the microtubule assembly 

assay was put on a grid and stayed for 15 seconds. After 
removing the excess solution by a piece of filter paper, 
one drop of 1% uranyl acetate was put on the grid to 
stain. The excess uranyl acetate was immediately removed 
35 by filter paper. The grid was dried by air at room 
temperature for several hours and checked by an electron 
microscope . 
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with some modification. 400 /xl of tubulin (1.5 mg/ml) in 
MES buffer + 3 Mm GTP were put in each ultracentrif uge 
tube (5 ml, Nalgene) and incubated at 37 °C for 40 min. 
350 /xl serial dilutions of antibodies or taxol analogues 
5 in PBS + 0.1% NaN 3 were added to each corresponding tube 
and incubated at 37°C for 30 min. 50 /xl of [ 3 H] taxol in 
MES buffer + 3 Mm GTP were added to each tube and 
incubated at 37°C for another 45 min. All tubes were 
centrifuged at 100,000 x g, 30°C, for 20 min. The 
10 supernatant of each tube was discarded. The pellets were 
washed once with warm (37°C) MES buffer + 10% sucrose and 
dissolved by 4 00 fil of 0,1 N NaOH with vigorous vortex. 
An aliquot of 165 fil was taken from each tube for 
counting radioactivity. 

15 

A turbidometric assay for microtubule formation described 
by Parness et al . (19) was used with modification. 
Tubulin (lmg/ml) after two purified in MES buffer without 
GTP was prepared. 480 pi of antibodies or taxol in PBS 
20 +0.1% NaN 5 were put in each corresponding cuvette. The 
tubulin solution and the cuvettes with reagents were 
warmed up at 37°C for 5 min. After heating, 620 fil of 
tubulin solution {l mg/ml) was added to each cuvette and 
mixed up immediately. The mixtures were kept in 37° C 

2 5 water bath and the turbidity change was measured every 5 

min with a spectrophotometer at 352 nm. 

H . Electron microscopy 

3 0 One drop of the samples from the microtubule assembly 

assay was put on a grid and stayed for 15 seconds. After 
removing the excess solution by a piece of filter paper, 
one drop of 1% uranyl acetate was put on the grid to 
stain. The excess uranyl acetate was immediately removed 
3 5 by filter paper. The grid was dried by air at room 
temperature for several hours and checked by an electron 
microscope . 
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II. Results 

A. Characterization of mouse monoclonal anti- idiotypic 
antibodies 

5 

A mouse monoclonal anti- idiotypic antibody of taxol, 
82H11B9F, was found. This antibody, an IgG 2b , could bind 
to the Fab fragments of affinity-purified rabbit 
polyclonal anti -taxol antibodies and the binding could be 

10 inhibited by free taxol in competitive ELISA, with an IC 50 
around 3jxM (Figure 4) . To confirm that this antibody 
mimicked the active part of taxol molecules, a 
competitive ELISA with active and inactive taxol 
analogues was done. The binding of 82H11B9F to the 

15 coated rabbit Fab fragments could be inhibited by an 
active analogue taxotere, but not inhibited by the 
inactive analogue, baccatin III. These results showed 
that 82H11B9F mimicked the microtubule-binding part of 
taxol and active analogues. The IC 50 for taxotere was 

20 about 30 mM which was less than that of taxol. In 
previous reports, however, taxotere showed better potency 
than taxol in cytotoxicity and microtubules disassembly 
inhibition assay (15,16) . Although not wanting to be 
limited to any particular theory, we believe the reason 

2 5 for this difference is that the rabbit anti -taxol 

antibodies are more specific for taxol (24) and, 
therefore, free taxol will inhibit the binding of 
82H11B9F to the Fab fragments. 

3 0 B. Radioimmunoassay with microtubules 

To determine whether 82H11B9F had the "internal image" to 
the active part of taxol, two criteria were set up. One 
was that the binding of taxol to microtubules should be 
35 inhibited by 82H11B9F, the other was that 82H11B9F should 
have the ability to polymerize tubulin to microtubules as 
taxol. Radioimmunoassay with microtubules was used to 
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confirm the first definition. 

Radioimmunoassay was performed -in previous experiments 
using taxol analogues and antitumor agents in MES buffer 
5 (pH = 6.6) (4, 19, 26). We also attempted the 
experiments with 82H11B9F in MES buffer with the same pH 
value, but the activity of 82H11B9F was found to 
disappear if it was stored in MES buffer (pH 6.6), PIPES 
buffer (pH 6.3) or PBS (pH 6.6). Therefore, the PBS 

10 buffer with the pH value of 7.3 was chosen to run the 
experiments with 82H11B9F. Because the polymerization of 
tubulin to microtubules was unsatisfactory in PBS buffer, 
MES buffer and a greater amount of GTP (3 mM) was used in 
the first step of the experiments to be sure that enough 

15 microtubules could be polymerized. After adding 350 ml 
of inhibitors in PBS to 400 ml of microtubules in MES 
buffer, some polymerized microtubules would depolymerize 
to tubulin based on our observation that the available 
binding sites for [ 3 H] taxol decreased. Most 

2 0 microtubules, however, were still stable in the mixture. 

The final pH value was detected to be 6.75. 

We also observed that [ 3 H] taxol readily adheres to the 
wall of the ultracentrif uge tubes and the radioactivity 
25 in solution decreased dramatically after incubation at 
37°C for 30 min. Therefore, 0.3% of Tween-20 was added 
in the 50 /il of MES buffer with [*H] taxol and the final 
concentration of Tween-20 in the final volume of 800 fil 
was 0.02%. At this concentration, Tween-20 could prevent 

3 0 the adherence of [ 3 H] taxol to the tube and not affect the 

standard inhibition curve of cold taxol. 

Taxol and two taxol analogues, taxotere and baccatin III, 
were used to check whether the mixture of PBS and MES 
3 5 buffer could provide a good environment for 
radioimmunoassay. Taxol and the active analogue, 
taxotere, showed inhibition for the binding of [ 3 H] taxol 
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to microtubules, but the inactive analogue, baccatin III, 
did not (Figure 5A) . The IC 50 of taxol were around 4 fM, 
which was compatible with the data reported for the 
similar methods (19) . 

5 

The IC 50 of taxotere was about 2 /iM, which was better than 
that of taxol. Ringel and Horwitz (15) reported that 
taxotere was more potent than taxol in cytotoxicity and 
tubulin polymerization. It seemed that taxotere had 

10 higher binding affinity to microtubules than taxol, 
although no radioimmunoassay using taxotere was reported 
before. The bad water solubility of taxol also seemed to 
affect its inhibition to [ 3 H] taxol binding. In previous 
reports, with a similar method, the peak inhibition of 

15 taxol to [ 3 H] taxol was only 75-80% with taxol 
concentration of more than 10 /iM (19,27). In addition, 
the adherence of cold taxol to the ultracentrifuge tubes 
also decreased the inhibition. We found that the 
inhibition of taxol at 13 jiM could be 80% instead of 71%, 

20 if 0.03% tween-20 was added with cold taxol. 

Af f inity-purif ied 82H11B9F showed inhibition for the 
binding of [*H] taxol to microtubules with an IC 30 around 1 
MM, which was better than the IC 30 of taxol and taxotere 
25 described above (Figure 5B) . In contrast, the unrelated 
control antibody 26F, which was also IgG 2b and against 
thymine glycol (28) , only showed slight inhibition at the 
highest concentration. 

3 0 We reported two mouse monoclonal ant i- taxol antibodies 
(24) . These antibodies were able to bind taxol and also 
prevent the binding of ( 3 H) taxol to microtubules in the 
same experiments. Therefore, 82H11B9F was checked to see 
whether it had the same character as the ant i- taxol 

35 antibodies and showed the inhibition. A radioimmunoassay 
without microtubules was performed. 82H11B9F was 
incubated with [ 3 H] taxol at 37°C for 1 hour at the same 



WO 94/20134 



PCT/US94/02330 



( 



-66- 

buf f er mixture and the bound [ 3 H] taxol was separated from 
the free by charcoal. No binding of [ 3 H] taxol to 82H11B9F 
was detected. These results showed that the inhibition 
of 82H11B9F was caused by its taxol -mimicking character. 

5 

C. Microtubule assembly assay 

Tubulin, twice purified, was used in this assay. The 
twice purified pellets were resuspended in MES buffer 

10 without GTP. The same volume ratio of PBS to MES buffer 
in radioimmunoassay was used. We found that the amount 
of polymerized microtubules by taxol in the PBS-MES 
mixture was about a half of that in pure MES buffer. In 
our experiments , 20 ^M taxol would make an increase of 

15 0.7 of optical density at 352 nm, with the tubulin 
concentration of 0.8 mg/ml. 

Polymerization of tubulin occurred immediately after 
taxol was added to tubulin solution and arrived a peak 

20 after 15 minutes (data not shown) . The sigmoid curve and 
time course were compatible with other reports having 
assembly assay in pure MES buffer (29 , 30) . 82H11B9F at 
a final concentration of 6.5 /xM could act as taxol to 
polymerize tubulin, with a 15 minute lag time to initiate 

25 turbidity change. The final peak turbidity change was 
about double the amount of that by 20 jiM taxol. 3.25 f*M 
of 82H11B9F needed a longer time (about 30 minutes) to 
start reaction and the peak change was only about two 
thirds of that with 6.5 jiM (Figure 6). The control 

30 mixture (only PBS and tubulin, without taxol or 
antibodies) showed no increase of turbidity within 90 
min. 

Carboni et al . (27) reported that a C-7 substituted 
35 photoreactive taxol analog could act as taxol and 
polymerize tubulin. This analogue with a higher 
molecular weight showed a 5 minute lag time in assembly 
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assay. The molecular weight of an IgG molecule is about 
170 times greater than a taxol molecule (Ref. Physical 
chemistry) , and the chance that the IgG will collide with 
the binding sites on microtubules would be lower than for 
5 taxol. Furthermore, a larger molecule has more 

determinants. Therefore, in each collision, the rate of 
effective collision (the contact of the active part with 
the binding sites on microtubules) will be lower than 
that of a smaller molecule. These two factors, diffusion 
10 rate and effective collision, could explain the presence 
of a lag time for 82H11B9F in assembly assay. 

D. Electron microscopy 

15 The samples after microtubule assembly assays were 
checked by electron microscope with staining of 1% uranyl 
acetate. A large amount of microtubules were found in 
the grid with the 82H11B9F was identical to that induced 
by taxol (Fig. 6, pictures). At 400,000 x magnification, 

20 arrays of Y-shaped antibody- like molecules could be seen 
bound to be microtubules (Fig. 7, a picture) . . This 
finding showed that the turbidity change induced by 
82H11B9F is due to microtubule polymerization, and 
82H11B9F caused the same mechanism as taxol did to 

25 polymerize microtubules. 

III. Discussion 

Taxol, originally extracted from the bark of the western 
30 yew, Taxus brevifolia, and now made semi -synthetically, 
is the first of a new class of anti-cancer agents (1) . 
It acts by promoting and irreversibly stabilizing 
microtubule assembly, thus interfering with the dynamic 
processes required for cell viability and multiplication 
35 (2). In this respect, it differs from other tubulin- 
reactive drugs such as colchicine, podophyllotoxin and 
vinblastine which inhibit tubulin polymerization (4) . 



WO 94/20134 



PCI7US94/02330 



( 



-68- 

The action of taxol on microtubules is not clearly 
understood although recent photoaf f inity labeling 
experiments implicate b- tubulin as a site of- attachment 
(31) . With the aim of using immunological techniques to 
5 study the mechanism of action taxol, we prepared a 
monoclonal anti- idiotypic antibody that mimics taxol, 
using an auto-anti- idiotypic strategy (22,32) . It 
inhibits the binding of [ 3 H] taxol to microtubules . 
Moreover, like taxol, it promotes the assembly of tubulin 
10 into microtubules. . 

Balb/c mice were immunized with a conjugate of BSA and 
taxol and hybridomas prepared as described previously for 
the isolation of monoclonal anti-taxol antibodies (24) . 
15 In this case, however, screening by ELISA was for cell 
supernatants containing antibodies capable of anti-taxol 
antibody (24) . Positive clones were subcloned twice and 
tested for their ability to inhibit to binding of 
[ 3 H] taxol to microtubules, 

20 

One antibody, 82H11B9F, an IgG 2b , was selected for further 
study because it strongly inhibited the binding of 
[^H] taxol to microtubule preparations. It had the 
following characteristics. (A) Its binding to Fab' of 

2 5 rabbit anti-taxol was inhibited by taxol and taxotere 

(18), both active anti-tumor agents, but not by baccatin 
III, a structurally related compound devoid of anti -tumor 
activity (Figure 1) . (B) It inhibited the binding of 
[ 3 H] taxol to microtubules with an IC 50 of luM (Figure 2)/ 

3 0 A control monoclonal IgG2b antibody, specific for thymine 

glycol (28), was inactive. The reliability of the assay 
was tested by assaying for inhibition by taxol, taxotere 
and baccatin III. Baccatin III, which is structurally 
related to taxol but inactive, did not inhibit [ 3 H] taxol 
35 binding. Control experiments were also run to show that 
82H11B9F did not bind taxol. (C) When incubated with 
tubulin at 37°C and followed turbidimetrically (19) , it 
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induced the formation of microtubules which, like those 
induced by taxol , were not dissociated by Ca 2+ (30). As 
with taxol, the curve was sigmoidal although the lag 
period was long (Figure 3) . This is accord with the 
5 relatively high molecular weight of the immunoglobulin 
molecule compared to taxol, with the resulting slower 
rate of diffusion (33), and the lesser probability of a 
productive collision, i.e one in which contact is made by 
the combining site of the antibody, which occupies a 

10 relatively small part of the macromolecule . (D) Electron 
microscopic examination of the product revealed typical 
microtubule structures (34) with arrays of antibody- like 
molecules along the surface (Figure 3) - The microtubules 
measured about 240A in diameter, some were as long as 2 

15 urn. The antibody-like molecules were about 125A in size- 
Both measurements are in agreement with data in the 
literature (34) . 
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What is claimed is: 

1. A monoclonal antibody capable of binding to taxol or 
taxol -like substances produced by a hybridoma cell 

5 designated 69E4A8E and having ATCC Accession No. HB 

11281. 

2. A monoclonal antibody capable of binding to taxol or 
taxol-like substances produced by a hybridoma cell 

10 designated 29B7B3C and having ATCC Accession No. HB 

11280. 

3. The monoclonal antibody of claims 1 or 2 , wherein 
the taxol-like substances are biologically active 

15 taxol derivatives. 

4. The hybridoma cell designated 69E4A8E and having 
ATCC Accession No. HB 11281 which produces the 
monoclonal antibody of claim 1. 

20 

5. The hybridoma cell designated 29B7B3C and having 
ATCC Accession No. HB 11280 which produces the 
monoclonal antibody of claim 2. 

25 6. The monoclonal antibody of claims 1 or 2 labeled 
with a detectable marker. 

7. The monoclonal antibody of claim 6, wherein the 
detectable marker is a radioactive isotope, enzyme, 

30 dye, fluorescent marker or biotin 

8. The monoclonal antibody of claim 6, wherein the 
detectable marker is a radioactive isotope. 

35 9. The monoclonal antibody of claim 6, wherein the 
detectable marker is an enzyme. 
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A method for detecting the presence of taxol or a 
taxol-like substance in a sample which comprises: 

a) treating the sample with a monoclonal antibody 
of claims 1 or 2 under conditions permitting 
the antibody to bind to taxol or the taxol-like 
substance and form a complex therewith; 

b) removing antibodies which did not bind to taxol 
or the taxol-like substance; and 

c) detecting the presence of the antibodies, 
thereby detecting the presence of taxol or the 
taxol-like substance in the sample. 

The method of claim 10, wherein the sample is plant 
extracts* 

The method of claim 10, wherein the sample is a 
biological fluid. 

The method of claim 12, wherein the biological fluid 
is serum. 

The method of claim 12, wherein the biological fluid 
is urine. 

The method of claim 10, wherein prior to step (c) 
the sample is diluted approximately 1:5 with a 
suitable diluent. 

The method of claim 15, wherein the sample is a 
biological fluid sample. 

The method of claim 16, wherein the biological fluid 
is serum. 
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Th e method of claim 16, wherein the biological fluid 
is urine. 

The method of claim 15, wherein the sample is 
cytosols from cells derived from animals or plants. 

The method of claim 10, wherein step (c) comprises: 

i) contacting the sample with a second antibody 
labeled with a detectable marker, wherein the 
second antibody is capable of binding to the 
antibody which is capable of binding to taxol 
or a taxol -like substance; 

ii) removing any unbound antibody which is labeled 
with a detectable marker; 

iii) detecting the presence of the detectable marker 
on an appropriate substrate, thereby detecting 
the presence of taxol or a taxol -like substance 
in the sample. 

The method of claim 20, wherein the detectable 
marker is a radioactive isotope, enzyme, dye, 
fluorescent marker or biotin. 

The method of claim 20, wherein the detectable 
marker a radioactive isotope. 

The method of claim 20, wherein the detectable 
marker is an enzyme. 

The method of claim 20, wherein the sample is plant 
extracts . 

The method of claim 20, wherein the sample is a 
biological fluid. 
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The method of claim 25, wherein the biological fluid 
is serum. 

The method of claim 25, wherein the biological fluid 
is urine. 

The method of claim 20, wherein the sample is 
cytosols from cells derived from animals or plants. 

A method for detecting the presence of taxol or a 
taxol-like substance in a sample which comprises: 

a) contacting a predetermined amount of taxol or 
taxol -like substance labeled with a detectable 
marker with either of the monoclonal antibody 
of claims 1 or 2 under conditions permitting 
the monoclonal antibody to bind to the 
detectably labeled taxol or taxol -like 

. substance; 

b) contacting the sample with the complex of step 
(a) such that any taxol or taxol -like substance 
in the sample will displace the detectably 
labeled taxol or taxol -like substance bound to 
the monoclonal antibody; 

c) separating any bound, labeled or unlabeled 
taxol or taxol -like substance from unbound, 
labeled or unlabeled taxol or taxol -like 
substance; and 

d) detecting the presence of any bound, detectably 
labeled taxol or taxol-like substance, thereby 
detecting the presence of taxol or taxol-like 
substance in the sample. 

The method of claim 29, wherein in step (c) , the 
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bound labeled or unlabeled taxol or taxol-like 
substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by addition 
of a charcoal solution and centrif ugation. 

The method of claim 29, wherein in step (c) , the 
bound labeled or unlabeled taxol or taxol-like 
substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by 
precipitation of the complex comprising monoclonal 
antibody and the labeled or unlabeled taxol or 
taxol-like substance bound thereto. 

The method of claim 31, wherein the precipitation is 
facilitated by addition of a sodium sulfate 
solution. 

The method of claim 31, wherein the precipitation is 
facilitated by addition of polyethylene glycol. 

The method of claim 29, wherein in step (c) , the 
bound labeled or unlabeled taxol or taxol-like 
substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by 
contacting the complex formed in step (b) with an 
antibody capable of binding to the monoclonal 
antibody which is capable of binding to the taxol or 
taxol-like substance. 

The method of claim 29, wherein the sample is plant 
extracts . 

The method of claim 29, wherein the sample is a 
biological fluid. 

The method of claim 36, wherein the biological fluid 
is serum. 
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The method of claim 36, wherein the biological fluid 
is urine. 

The method of claim 29, wherein the sample is 
cytosols from cells derived from animals or plants. 

A method for screening for a ligand in a subject 
which is not being treated with taxol which 
comprises: 

a) obtaining a sample from a subject; 

b) contacting the sample with the monoclonal 
antibody of claims l or 2 under conditions 
permitting the antibody to any taxol -like 
substance in the sample and form a complex 
therewith; 

c) removing any antibodies which did not bind to 
the taxol -like substance; and 

d) detecting the presence of antibodies in the 
sample, thereby detecting the presence of the 
ligand in the subject. 

The method of claim 40, wherein the sample is a 
biological fluid. 

The method of claim 41, wherein the biological fluid 
is serum. 

The method of claim 41, wherein the biological fluid 
is urine. 

The method of claim 26, wherein the sample is 
cytosols from cells derived from the subject or from 
cell culture. 
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The method of claim 40, wherein step (d) comprises: 

i) contacting the sample with a second antibody 
which is labeled with a detectable marker and 
is capable of binding to the antibody capable 
of binding to taxol or a taxol-like substance; 

ii) removing any unbound antibody which is labeled 
with a detectable marker; and 

iii) detecting the presence of the detectable 
marker, thereby detecting the presence of taxol 
or taxol-like substance in the sample. 

The method of claim 45, wherein the detectable 
marker is a radioactive isotope, enzyme, dye, 
fluorescent marker or biotin. 

The method of claim 45, wherein the detectable 
marker is a radioactive isotope. 

The method of claim 45, wherein the detectable 
marker is an enzyme. 

The method of claim 40, wherein the sample is a 
biological fluid. 

The method of claim 49, wherein the biological fluid 
is serum. 

The method of claim 49, wherein the biological fluid 
is urine. 

The method of claim 45 , wherein the sample is 
cytosols from cells derived from the subject. 

A ligand recognized by the method of claim 40. 
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A ligand recognized by the method of claim 45. 

A polypeptide recognized by the method of claim 40. 

A polypeptide recognized by the method of claim 45. 

A method of quantitatively determining the amount of 
taxol or taxol -like substance in a sample which 
comprises : 

a) contacting a solid support with an excess of a 
composition of matter comprising taxol and an 
appropriate carrier molecule under conditions 
permitting the composition of matter to attach 
to the surface of the solid support ; 

b) contacting the solid support to which the 
composition of matter is attached with a 
suitable blocking agent or buffer; 

c) contacting a predetermined amount of a 
biological fluid sample and a predetermined 
amount of the monoclonal antibody of claims 1 
or 2, under such conditions permitting the 
taxol or taxol-like substance in the sample to 
bind to the monoclonal antibody and form a 
complex therewith in solution; 

d) contacting the solid support to which the 
composition of matter is attached with the 
solution of step (c) under conditions 
permitting antibodies which do not form a 
complex with the taxol or taxol-like substance 
in the biological fluid sample to bind to the 
composition of matter; 

e) treating the solid support so that only the 
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composition of matter and monoclonal antibody 
bound thereto remain; and 

f ) determining the amount of antibody bound to the 
composition of matter, thereby determining the 
concentration of taxol or taxol-like substance 
in the biological fluid sample. 

The method of claim 57, wherein the sample is plant 
extracts . 

The method of claim 57, wherein the sample is a 
biological fluid. 

The method of claim 59, wherein the biological fluid 
is serum. 

The method of claim 59, wherein the biological fluid 
is urine. 

The method of claim 57, wherein the sample is 
cytosols from cells derived from animals or plants. 

A method of quantitatively determining the amount of 
taxol or taxol-like substance in a sample which 
comprises : 

a) contacting a predetermined amount of detectably 
labeled taxol or taxol-like substance with 
either of the monoclonal antibody of claims 1 
or 2 under conditions permitting the monoclonal 
antibody to bind to the detectably labeled 
taxol or taxol-like substance; 

b) contacting the sample with the complex of step 
(a) under appropriate conditions such that any 
taxol or taxol-like substance in the sample 
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will displace the detectably labeled taxol or 
taxol-like substance bound to the monoclonal 
antibody; 

c) separating any bound, labeled or unlabeled 
taxol or taxol-like substance from unbound, 
labeled or unlabeled taxol or taxol-like 
substance; and 

d) determining the amount of bound, detectably 
labeled taxol or taxol-like substance, thereby 
determining the amount of taxol or taxol-like 
substance in the sample. 

The method of claim 63, wherein in step (c) , the 
bound labeled or unlabeled taxol or taxol-like 
substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by addition 
of a charcoal solution and centrif ugat ion. 

The method of claim 63, wherein in step (c) , the 
bound labeled or unlabeled taxol or taxol-like 
substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by 
precipitation of the complex comprising monoclonal 
antibody and the labeled or unlabeled taxol or 
taxol-like substance bound thereto. 

The method of claim 65, wherein the precipitation is 
facilitated by addition of a sodium sulfate 
solution. 

The method of claim 65, wherein the precipitation is 
facilitated by addition of polyethylene glycol. 

The method of claim 63, wherein in step (c) , the 
bound labeled or unlabeled taxol or taxol-like 
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substance is separated from the unbound labeled or 
unlabeled taxol or taxol-like substance by 
contacting the complex formed in step (b) with an 
antibody capable of binding to the monoclonal 
5 antibody which is capable of binding to the taxol or 

taxol-like substance. 

69. The method of claim 63, wherein the sample is plant 
extracts . 

.10 

70. The method of claim 63, wherein the sample is a 
biological fluid. 

71. The method of claim 70, wherein the biological fluid 
15 is serum. 

72. The method of claim 70, wherein the biological fluid 
is urine. 

20 73. The method of claim 63, wherein the sample is 
cytosols from cells derived from animals or plants. 

74. A kit for assaying for taxol or a taxol-like 
substance in a sample comprising in separate 
2 5 compartments : 

a) the monoclonal antibody of claims l or 2; 

b) a second monoclonal antibody which is capable 
30 of binding to the antibody which is capable of 

binding to taxol or a taxol-like substance; and 



35 



c) a standardized solution of taxol. 

75. The kit of claim 74, further comprising a plate 
having a plurality of wells, each well coated with 
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a layer of a complex comprising taxol and a suitable 
carrier molecule. 

76. The kit of claim 75, wherein the second monoclonal 
5 antibody is labeled with a detectable marker and the 

kit further comprises an appropriate substrate to 
detect the detectable marker. 

77. A method for monitoring the treatment of a disease 
10 in a subject being treated with taxol or a taxol - 

like substance which comprises using the kit of 
claim 74 to determine the amount of taxol or taxol - 
like substance in a sample taken from the subject. 

15 78. The method of claim 77, wherein the disease is 
breast cancer or ovarian cancer. 

79. The method of claim 77, wherein the disease is 
characterized by the presence of a melanoma. 

20 

80. An anti- idiotypic monoclonal antibody of taxol or a 
biologically active taxol derivative. 

81. A Fab' fragment of the anti - idiotypic monoclonal 
25 antibody of claim 80. 

82. A F(ab'} 2 fragment of the anti- idiotypic monoclonal 
antibody of claim 80. 

30 83. The anti - idiotypic monoclonal antibody of claim 80, 
which binds to a receptor to which taxol or a 
biologically active taxol derivative binds. 

84. The anti- idiotypic monoclonal antibody of claim 83 
3 5 wherein the receptor is a receptor on tubulin. 

85. The anti - idiotypic monoclonal antibody of claim 83 
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wherein the receptor is a receptor on microtubules. 

The anti- idiotypic monoclonal antibody of claim 8C f 
which mimics taxol and biologically active taxol 
derivatives by promoting the assembly of tubulin 
into microtubules. 

The anti - idiotypic monoclonal antibody of claim 80 
which is an IgG ;h . 

A hybridoma which produces an anti - idiotypic 
monoclonal antibody of claim 80. 

The hybridoma of claim 88 designated 82H11B9F and 
having ATCC Accession No. HB 11548. 

The anti - idiotypic monoclonal antibody which is 
produced by the hybridoma of claim 89 . 

The anti -idiotypic monoclonal antibody of claim 90 
labeled with a detectable marker. 

The anti- idiotypic monoclonal antibody of claim 91 
wherein the detectable marker is a radioactive 
isotope, enzyme, dye, fluorescent marker or biotin. 

A method of detecting receptors which bind taxol or 
biologically active taxol derivatives in a sample 
which comprises contacting the sample with the anti- 
idiotype monoclonal antibody of claim 80 under 
conditions permitting the antibody to form a complex 
with a receptor and detecting the presence of any 
complex so formed. 

A qualitative immunoassay for detecting a receptor 
which binds taxol or biologically active taxol 
receptors which method comprises: 
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a) contacting a sample suspected of containing the 
taxol receptor with the anti- idiotypic 
monoclonal antibody ■ of claim 91 under 
conditions permitting the formation of a 
complex which comprises the detectably labeled 
anti -idiotypic monoclonal antibody and the 
taxol receptor; and 

b) detecting the presence of the complex and 
thereby detecting the presence of the taxol 
receptor. 

The method of claims 93 or 94 wherein the sample is 
derived from biological fluids. 

The method of claim 95 wherein the biological fluids 
comprising serum or tissue extracts. 

A qualitative histochemical assay for detecting the 
presence of a taxol receptor in a biological sample 
which comprises: 

a) contacting the biological sample with the anti- 
idiotype c monoclonal antibody of claim 80 under 
conditions permitting the formation of a 
complex which comprises the taxol receptor and 
the anti - idiotypic monoclonal antibody; 

b) removing from the sample anti - idiotypic 
monoclonal antibody which is not part of the 
complex; 

c) contacting the resulting sample with a 
detectably labeled antibody or detectably 
labeled antibody fragment capable of 
specifically binding the anti - idiotypic 
monoclonal antibody under conditions permitting 
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the labeled antibody or antibody fragment to 
bind to the anti- idiotypic monoclonal antibody; 
and 

d) determining the presence of detectably labeled 
antibody fragment bound to the anti - idiotypic 
monoclonal antibody and, thereby, detecting the 
presence of taxol receptor in the sample. 

A quantitative histochemical assay for determining 
the amount of a taxol receptor present in a 
biological sample which comprises: 

a) treating the biological sample with a 
predetermined amount of the anti- idiotypic 
monoclonal antibody of claim 80 under 
conditions permitting the formation of a 
complex which comprises the taxol receptor and 
the anti- idiotypic monoclonal antibody; 

b) removing from the sample anti- idiotypic 
monoclonal antibody which is not part of the 
complex; 

c) contacting the resulting sample with a 
detectably labeled antibody or a detectably 
labeled antibody fragment capable of 
specifically binding to the anti -idiotypic 
monoclonal antibody under conditions permitting 
the detectably labeled antibody or detectably 
labeled antibody fragment to bind to the anti- 
idiotype monoclonal antibody which is part of 
the complex formed in (a) ; and 

d) determining the amount of detectably labeled 
antibody or detectably labeled antibody 
fragment bound to the anti - idiotypic monoclonal 
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antibody and thereby determining the amount of 
taxol receptor in the sample. 

A method for determining the amount of taxol or 
biologically active taxol derivative in a sample 
which comprises: 

a) immobilizing the anti- idiotypic monoclonal 
antibody of claim 80 on an appropriate 
substrate; 

b) contacting the sample containing taxol or 
biologically active taxol derivative with the 
immobilized anti -idiotypic monoclonal antibody 
of step (a) under conditions permitting any 
taxol or biologically active taxol derivative 
in the sample to form a complex with the 
immobilized anti - idiotypic monoclonal antibody ; 

c) contacting the complex formed in step (b) with 
a predetermined amount of a labeled antibody or 
labeled antibody fragment which specifically 
binds to taxol or biologically active taxol 
derivative under conditions permitting the 
labeled antibody or labeled antibody fragment 
to displace taxol or biologically active taxol 
derivative bound to the immobilized anti- 
idiotype monoclonal antibody; and 

d) determining the amount of labeled antibody or 
labeled antibody fragment bound to the 
immobilized monoclonal anti- idiotypic 
monoclonal antibody thereby determining the 
amount of taxol or biologically active taxol in 
the sample. 

A method for determining the amount of taxol or 
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biologically active taxol derivative in a sample 
which comprises: 



a) immobilizing an antibody or antibody fragment 
5 which specifically binds to taxol or 

biologically active taxol derivatives on an 
appropriate substrate ; 

b) contacting the sample containing taxol or 
10 biologically active taxol derivative with the 

immobilized antibody or antibody fragment of 
step (a) under conditions permitting any taxol 
or biologically active taxol derivative in the 
sample to form a complex with the immobilized 
15 antibody or antibody fragment; 



c) contacting the complex formed in step (b) with 
a predetermined amount of the anti- idiotypic 
monoclonal antibody of claim 80 labeled with a 

20 detectable marker under conditions permitting 

the labeled anti - idiotypic monoclonal antibody 
to displace any taxol or biologically active 
taxol derivative bound to the immobilized 
antibody or antibody fragment; and 

25 

d) determining the amount of labeled anti- 
idiotype monoclonal antibody bound to the 
immobilized antibody or antibody fragment 
thereby determining the amount of taxol or 

30 biologically active taxol derivative in the 

sample . 



101. The method of claim 99, wherein the labeled antibody 
which specifically binds taxol or biologically 
35 active taxol derivatives is the monoclonal antibody 

produced by the hybridoma designated 69E4A8E ATCC 
No. HB 11281 labeled with a detectable marker. 
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102. The method of claim 99, wherein the labeled antibody 
which specifically binds taxol or biologically 
active taxol derivatives is the monoclonal antibody 
produced by the hybridoma designated 29B7B3C having 
5 ATCC Accession No. HB 11280 labeled with a 

detectable marker. 



103. The method of claim 100, wherein the antibody which 
specifically binds taxol or biologically active 
10 taxol derivatives is the monoclonal antibody 

produced by the hybridoma designated 69E4A8E ATCC 
No. HB 11281. 



104. The method of claim 100, wherein the antibody which 
15 specifically binds taxol or biologically active 

taxol derivatives is the monoclonal antibody 
produced by the hybridoma designated 29B7B3C having 
ATCC Accession No. HB 11280. 
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